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(  II  \l'l  Ik  I 

THE  DETERMINATION  OF  VELOCITIES  IN 
MECHANISMS. 

ill  many  I'.i^i'^  ii  i-  'li-iraliK-  i.i  kipiw  ilu'  \  rl.  n'it  ic-  i.i  \:ii 
nil-  parls  111'  a  iii.u-lii;u'  ilnriii^  Miicratiim.  ;.-  h  t  t'saiii|ilr  tlir 
vi'lMcity  lit  an  ^■nL;'lu■  iii-tun  ii;  a  ^uin  |iri-ili"n.  >  ir  tlir  \i1imiI\ 
mI'  a  --lidf  \al\(  at  ilir  |ii.ini  >>{  int-i'iV:  nr  it  iiia\  Ik-  iU--itf(l  in 
-liiily  tile  niiptii'ii  t<\  tlu'  ciiltiii:^  t^ipl  in  ,[  -liapcr  n-iiiL;  a  i|iiuk 
vitiini  nintioii,  ,11  ilic  ;-\ai'i'iiati"n  nl'  ilu'  a(!\  anla-c-  "i'  tlir 
tii])li'X  iniiiip  ii'.rr  the  •mipji.-  |iuiiip  in  lIu-  inatlci  nl'  niiih'nititv 
111  ili<oliar:4('.  I  lii'ii.  ai.ain,  it  i-  mIicii  iu-iH'--ai\  tii  lictcrinn'c  tln' 
turning;  ctTt'ct  |iri  uliiiH-'l  nil  tlic  rvank  -liai!  • 'i  an  cric^im-  liv  tlu' 
^liaiii  ])ia"^<iit"c  nil  ilu-  pi-!iiii,  nr  tn  ~inilv  tlic  ail\antaL;i'  in  tlu' 
\\a\  nt  iiindiu'iii'^  iiiiil'nrni  iiinnnp  iif  plafiiiL;  I'mir  r\  limlii'-  nii  an 
aulniiinjiilc  I'li'^iiK'.  etc. 

\ll  nl"  tlli'-i'  lifnliliin-  nia\  lie  vnUrij  \  rr\  ilin'ilK  li\  the 
latiTini'iai  inii  iii'  \\n-  \i'nf;tii-  nl  \arinii-  pnini-  iii  tlic  niai'liiiif 
rmU'r  onii.-iili'i'at  inn,  ami  a-  -tirli  prnlilcm-  'avv  ni  \vy\  Irrcpicnt 
I  ii'i'iim-ni-f  ill  llic  I.  \;:c-iiriii'(.'  nl"  the  ilc-iyfiiiiiLT  inL;iiu'iT.  it  i-^ 
i;e-iral>U'  tiiat  a-.  -inivK'  a  prnci---  a-  pn>>il>K'  he  tnipln\  i-il  in 
-nNiiiy  tlu'iii.  Till'  prnlilcm-  nia\  In-  -nlveil  li\  L;rapliic;il 
iiu'tlinils  niii--l  i-nm  fiiicnth  .  a-  tlu'  niniinii-.  in  iiin-t  iiiarliiiu'- 
arc  -n  rnni|iK'\  that  ak;i-liraii-  -nlittiniis  an*  tnn  ti-ilinii-  ami 
ilifFiriilt. 

Ill  all  niacliiiH'-  tlicrr  i-  nr.v  part  whicli  lia-  a  kimwn  nintinii. 
and  ;^oiierally  tlii-  nintinii  i-  nm,'  ,,\  nnifnnii  angular  \ilnrity 
.'iliuiit  a  fixed  axi-.  e  l;'..  tiii'  tlxwlii'i'l  in  an  (.■ii'^iiu'.  tlu'  lull  x\  lice! 
i;i  a  --liapcr.  tlie  hell   wheel  in  a  -tune  crn-her,  etc. 

In  nin-t  i-a-c-  in  niaeliinc-  all  part-  lia\e  ]ilaiie  nintinii,  and 
in  what  fnllnw-  it  i-  tn  'ic  iinder-tnnd  that  all  jiart-  n'l'erred  tn 
remain  in  mu'  iilaiic.  iinlc--  the  cniurar\-  i-  cx]ire--l\  -tatcd. 
The  -Mlntimi-  lilax-  in  L'ciieral  he  applied  tn  iinii-plaile  nintinn 
with  prnpcr  mndineatinii-. 

The  iiiethnd  n|"  dclerniiniir^  the  xclncitic-  nf  part-  "\ 
inaehine-  in  he  explained  here  i-  erdled  the  pliornLiraph  nu-thnd. 
;iii(l  L:i\c-  a  enn\  enieiit  L;raphii'al  nietlmd  fnr  finding:  the  de-ired 
',  idneitie-;. 
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Let  11-  enn-:der  an\  l)nd\  has  illy  plaiU'  nintinti,  -neli  a-  the 
eniineetin^  rnd  <ii  a  sie.ini  eiiL'iiu-.  It  i*-  well  kiinwn  that  ;iiiy 
jiiiint  in  this  rnd  '.-an  nin< c  lelativeK-  tn  an\-  nthcr  pnjnt  in  it 
(.Illy    at    ri;^ht    aii;4le-    tn    the    line    jniniini'    tlie<e    imiiit-.      Thn- 

*  S<i  nameil  liv  it*  iINciiviTfr.  I'roft -<or  T.  R.  Rcis.-l)riii;li.  of  ttii' VnU  i-t-il\  of  Torontu,  «  Im 
k:ivi>  tin'  nirthod  to  his  «lucli-ius  twenty  yciir-  .>k".  lull  ■"  l.tl  .1-  tin-  wiiti  I  knou^  thr  nutlwil 
ha-i  iiiit  hri-ti  (}i-:covcri'(l  or  n-cd  t'Nf\Uicr»'. 


I 


\ll  I  il  W  1^  >    ()|,     \i  \,  III  ^|-|.^ 


I   ',,:,'■    !,"-■     ;     "1";-^..,    „    |„nt    ,,f    ,hK    ,,„|,    ,n    uln.h    an     lu,, 
,'.   /■   .n„l<     ,.,l.,n.    , I, ..,„„,,„„,.   /,■     .u„l,    ^    n-,,,.v,u,Iv..-n,.lal- 


''  •"/'   """-^'i  I.I'M    as    ,,,   ,1,,.  ,„t,,al    luM.Mx    ..I    tl'ic    iiiMii,, 


i,'"'"'7    ""•    •■''■'"^-    •■I    p..M,„,n.    ,,    ,.    ,,„„.■    .■^Mlcnt    ,I,at    it    rnav 

'■'V  ':;',"  ^"-""I'-'-i  1-  'a, ,.  „„.,„„,  ,„  ,ra„si,„„,„  .„  ,!,;■ 

"''^.     '  ''"""^'  "•    'i-tan>a.  ,  <     ,,l,nMiu   '.hMl,  <    u  .uh..  „ .  ,u-u 

"'~"""'  '      ;""     /■  •""^'-  •'!    /■         l>M;m,.    tin,   „„„„„,     /;    ;,,„l     ( 

''■'\''    ""■^'•''    "''-i^l'    'I',     -nnr    ,l,Ma„rc    ,„    ,lu-    ^nwr    . I,,-,. ,•!,.,„ 

•""'   ^".'-'.  ■"'■'  '"'"■•■   In...  Ihhl   n,.  ivlatur  m.ai,,,,       Tho  mo,,,.! 

'■;'■',"',';■  '";""/"  "■"^'-'-  "I  'I"  ■■'  ""■'"■"  "I  n'lat.,a,  ,  a'  th, 
"''"'•■  ',""'.^  •'  ••'"■•"  .1"  .'M-  n,.in,al  i,.  tlir  paucr  tln.ai..li  il... 
l"'"it   (     .  n.lali..ii  t,,kin;.   j, ',:,•..  i  lir.  .ii-..],  m,.  .ni-U.  /.'  (  7^ 


Diirn,-  tin.   in.,ti f  ./   iliiTi.|,.rf   /?  lia>  lia<l  nnlv  mik'  iiim- 

tj-n  iiMt  slKuv.l  l,y  (  .  ,„■  /;  has  n,.,vc<l  rdativHv  tn  i  tlina,..|i 
t  10  arc  n,H\  an.l  a  (.arl,  Ma-r  nt  tlic  nioti,,,,  ilu.  diivoti,  .n  ".I 
tins  arc  ua^  rvi.l..ml  ■  ai  vv^ln  an-Ics  i,,  lUv  ra.lin.  irnin  C  ,,r  at 
f-iit   aii-li-.  to  tlif  !,i;c  i..iiMii-   /.'  and  ( '. 

Thus  when  a  body  has  plane  motion  any  point  in  the  body 
can  move  relatively  to  any  other  point  in  the  body  only  at  right 
angles  to  the  hne  joining  the  two  points.     It   h.lL.u.  iVmii  tin- 

that   II   til,,  line   i..ni,nu   tin.  t  nn ;,,t,   .l„„il(l   !ir  t„,nnal   t..  tlic 

paiu.   ..1    in,..,on    tl,o   t'v,,   pnint,   caiM    liavo   no   rdatisr   nioinm 

\W.  >lia,l  nou  emplMV  thi.  pniiripK.  to  tho  -IcHTniination 
n;  vrlontK-v  Lot  I  I-  _>  ivpia  >cnt  <liai:raniniatica!Iv  a  niarliinc 
is.Mii.^^  |..nr  '.nks  ,^  /.,  c.  ,/.  jnincl  lo^^.tlu..-  l.v  |-onr  t'lirnin-  i.air- 
;i'  (',  /  .O.  A'.  1 1  the  link  ,/i.noarlv  vortical  and  tlio  loniith  i>i  aW- 
uooroasod   tin-   c.nld   l„.    i  ikcn    to   ropro-mt    .mrdialt   oi'  a   I.oani 


N  i.l.i  X  ITII>    I  M'    Ml.i  II  \\  I  ,\|<  J, 

'"-""'■     '"      »'■  ll'i  ll     ,/     1^     ihr    ilMtlk,    /■    til,.    ,-.  .!|i!i-,   ;  ,,,^     ,,,,]        ...,l 

'"'>■    ll'lll     "I     'I"        ■..I'klll-     Im.iIII.    ill.      ..Ill,   I     Ml.l    ,-l     ulllill     a..l|!,l     !„■ 
.  .  ■Illlri  1  i-ii     Willi     I  lii-    |i|>|,  ,11     I'l  1(1 

111  ;il!  -iirh  hi.hIiui,',  ,.iu-  link  i~  lixcd  .nnl  i'..iin,  ilc  ii.inu. 
'''■!'■  "i'l'>."''l  I'.  ./  I  Ini^  "  ami  A'  .n,  li  \.  .ll.i  ai  iii- -  .uid  / '  .iiid 
'  "'"\'  111  all-  ..|  ii.>l,.  al..'i'I  ('  ami  A'  r.-.|„rn\  ,-I  \  ,  1,1  ii- 
''  "'  >li-.'->  ..I'l  "I  ill.  Ml. .\  III-  link^  a-  ill,-  !iiik  ..]■  Hlfirii,  .•. 
''''"■'■  ''  "•  '  "  'I'  !"■  Ill'  11" -t  ,  .  auciii,-iil,  a-  ihcv  lia\  <•  .  .lu-  liN,-,] 
ktaiiii-.  ami  ,/  ..>  ill  I.,  .,!,,t,,i  liiia,;iii,-  ilial  i'.  ,,  ,,ii  iniiiuii-, 
~'i'i''  "I  «  .ni|lp..anl  .-  atla,-li,ii  \\lii,li  csU'IhU  iihK  runi  i-;  \  m  .rl 
'!ii^''""ii-  l'i"iii  '  '.  ami  I,  I  11..  |,.|-  1,1,  \  it\  n-l.T  t..  ill-  \v  l|..'l,.  -li,.,i 
a-  ill,    link  (I. 

\  ,  ..ii-i,l,iali..ii  ..|  lit,  ni.itlii  will  ~li,.\\  thai  ..|i  ill,  Imk  ,l 
111.  TO  . I  If  p. .1111-  haMiiu  .ill  ,  ..m-.i\aMi-  vol.  .,-il  ic-  iii  maumln.l,. 
'""^■'""!i  •iii'l  -.'I-.,  tim-  It'  a  .'ir.-l,'  1..  .Irawii  .ai  ./  wiili  .aiun' 
•il  '  '  .I'i  11.  .1111-  .11  ill.'  ,'n.!f  w  ill  lia\  ,•  \  il,ii-iiic-  ..f  ill,'  -am,  ma..;- 
iiitmlf.   lull   ..l'  <lilU|..iil    ,lirr,-ti,,n   an, I   -..•ii-f:  ,  .r   if  a    \,'Mi,al    Iiiif 


lie  .liawn  llir..iiuli  (>  all  |i,inu-  ,,n  llii-  line  will  in..\,.  ;ii  the  -aiiir 
•  liti'i'.i.'ti,  \.^■..  lii.ri/. 'iiial.  ill..-,'  al)..\v  ('  m.>\iim  i"  "pp'i-itc 
stn-e  t,i  tli..-o  Ik'L.w  t>.  and  tlic  maynitink'-  ..''  all  ilic  \  i-I.  )i'itic-s 
lioiiiy  ililUTi-m.  ■riiii-.  if  aii\  [...int  ]>c  fli.i^cn  ,.ii  ,/  the  niaLiiii- 
lud,'  ,.|  ii-  \olMi-it'  will  .KjKiid  up  .11  tlif  di-t;ni.-o  I'r.  an  ('.  llic 
il  ri'cli..ii  ..f  ii-;  veli.fit}  will  lio  111. riiial  ti.  till' radial  line  i.iiiiiny  it 
t'l  ('.  and  it- -iMi-t-  w  ill  (K  iH-n.l  npi.n  tlic  rclaliv  f  pn-iti.ni-  ,,i'  tlu' 
p.  ini  and  (>  ..n  ilu  radial  liiu'  li  nut-t  ]>,■  VfiiU'tiilnTcd  that  tlic 
■  iliiiv.'  <tati'iiK'iil-  arc  inu'  wliciluT  u  lia-  .■..n-tant  aiiL;uIar  vcl- 
."■ity  ,ir  11. "t  ami  arc  ah.i  triU'  altlMU^li  ('  i-  ninvin^. 

I'r.. Ill  tlu'  ('..rc-'Mii-  it  i'..ll..\\-  at  ..lu'i'  tliat  it  will  1)0  p..--iliK. 
!''  I'ind  a  )i..inl  mi  ,;  liaxuiL;  tlu'  -  ini,'  ni.iti.m  a-  iliat  ..f  anv  p,>int, 
-lu-ji  a-  ' '.  in  tin-  niacliiiu'.  wlp.di  ni,.ti,in  it  i-  dt'-irrd  t..  -imK  : 
.■:ii<l  tliu-  \',  r  can  r..iK'ti  1  11  ,;  a  -rt  ..f  p..iiil-.  racii  ifpif-t-ntin^ 
tlu-  ni..ti..ii  ,.f  a  -n.'ii  |ii.ini  in  the  iiKu-hiiu',  and  -in,-o  ihi-  -ct 
oi  p.-'int-  i-  all  mi  llio  ..nc  link  tiieir  relative  \el..eitifs  is  at  ..lu-e 


MIX'll Wits    ol-    M  \^.■|||.\|.■.R^• 


kiidwn  OMupIrtfly.  'I  InV  iMlU'cti.' ■,  ni  |„,nits  ..ii  u  will  1)^  m| 
.Ui-eat  assist;.iH-e  in  stiHlvm-  tlic  iiintiinis  uf  points  in  tlu- 
I'lac-liiiR'.  hcaiiisf  if  the  niuti,>ii  .,|  „  is  kiKiun.  as  is  usual  that 
ol  any  Mthcr  point  is  kimu n  ;  whereas  it"  the  nrntinn  (.1  ,;  i's  un^ 
known  ,.nly  the  relaiis^.  motion.  ,,i  the  dillerent  M,,int.  are 
K-nowii.  I  Ins  enilcetiMii  ,,|  p,,ints  nn  the  link  ..|  relerenee  is 
ealled  the  /7/,>r,i-n//'/,.  as  it  rei.fesents  oraphieallv  the  ni..ti..ns  ,,f 
all  pdints  in  the  niaehine. 

'I'hc  niethnd  di  detennininL;  'he  i>h(ii-nL;iaph  fur  a  -i\en 
tnaehine  max  h.-  explained  as  f,,llM\\>:  Let  an\  hudy  K.  I'T-.  :;. 
have  plane  nidiicin.  and  let  lis  clu.,  -^  in  it  t  w .'.  p.  iin"ts  /•;  and  /•." 
\\  e  are.  howexer.  -iven  n..  iin'drinatii  .n  ahdut  the  nature  df  ilu- 
motidti  df  A'.  On  s,,nie  dther  h.idy  there  is  a  pdint  (/,  and  we 
arc  t<ild  the  directidn  diilv     df     the     nidtidns     df  (7   s—^    H'    viz 


Fig-  3- 

t:  -  I,  and  of  (/  -^^  r.  v,/.,  <;  -  j:  n  is  re,p„re<l  id  lin.l  a 
point  dn  /\   ha\in;    the  same  nidtiun  as  (,'. 

Reterrnio-   td    du.-   pudiniinarx    pn.pdsitidn    we    si.^    ,|iai    tl,,- 
motion    of  any   pdin,    in    K    '^^    !■    i.   porpendieiilar   td   the    line 

l"'mns  n  td  /•..  i..-..  tlie  nidii,,,,  df  I-    ' /.;  i.    .     (,,  /./.       |;„,  .^ 

point    IS   td  1,(.   |-,,„nd   haviii-    \\w  same   ni'dtid,,   at  (/.  aii.i  as   the 

direetidn  di  (,     ^    /•.  ,.  ^iven   ne  are  at   .mee  |.,1,1   the  di -ertid,, 

di  the  hue  ],,Mim-  /:  td  the  reipiired  ],diiil.  it  mils,  1^-  -:  td  (fi 
■•nid  pass  ,l„-dU,L;li    /._as  i,    ,.  .,nN    p,„nt~  du   /:(,'    ul.ieh  have  the 

..esired  direetidn  (,    ■ ^   /•;.      |f  ^ve  eal!  the  p.-int   td  l,,-  f,,un<l  {/' 

then  (,'  li.'.  ,„,  /:(/  :  L.tf-i,  Siinilarlv  it  max  he  sl„,wn  that 
'  '""-I  lied,,  a  hue  tlii-dii-h  I-  •  ,,,(,  j,  and'  hetiee  n  nm-l  lie 
ai  theint.'rseetid,,  ,,|  ,l,e  lines  ,h,„„^h  /-and  /   -rat  (,'.as  .h,,u,i 

*  Til"  -ii;ii     s_^     1-  n-.'.l  IM  iHr;,n  ■■•Ailli  i.x.ir.l  lu.  ■ 


\^  ^(^  ■r^.yf^mp 


\'l-:i,()L'ITI!-.S    111-    Mia'll  WISMS.  7 

111    I  1-.    7,.     Tlni-  (/'   i>  a  i)Miiit  on  K  Ikuiiil;  ilir  -anic  iii..ti,iii  a- 
tin-  ]i(>int  (<  ill  vimiic  ivMcriia!  hndv. 

.''  '^  '"  •'*■  n.i'i-d  that  uc  (.•ainiiit  a--uinc  ilif  -I'lisj.  ,,f  ilir 
iiiotnm-.  iinr  the  ma-iiitudr.  uiilv  llic  l\\<.  (linTii.  ni-;.  \\  ^  c.piild, 
hdwi'vir.  a-simi"  tlu-  ma,L;nitudc',  dircrtiMn  and  -cii-e  of  (/  '■— ^  ll 
and  Imd  (/'.  jjr.ixidrd  tin-  an-ular  \rl(H-ity  ni  K  witc  kunwn.'  If 
/  turn>  in  tlir  rliu-kwi-^r  -cti>t-  ilim  the  -rn'«.'-  >ii"  tlic  linos  rcpri'- 
'~( mill-  till"  ni..ii(.n  III"  (;  arc  (7  land  (,'  _'.  and  if  tlic  antin- 
lar  \i.'liK-it_\  Ml  \'  i^m  r.iijian-  [kt  -cTniid  tlic  nia-nitudc  <.\  tlic  \cd- 
(K'ii\-  of  (,'  '■— _  /•;  is  ^■'  /•     „,  and  df  (.'  '>— _  /•'  is  (,''  /■   .  m 

W  c  siiall  now  aiiply  tlio-c  |iriiu-iiiK>  {n  tiu'  -.iliuiMi:  ,,f  pnih- 
li.in-  cnniuTlcd  with  niacliincrv.  lirsl  caliiiiL;-  |iaiticnl:ir  attcntidii 
t'l  thf  laci  that  the  nsnal  infi  ivinatii  m  j^ivcn  n--  is  Mirii  as  we 
na\c  idni>fn  alu.M'.   \  i/..  tlic  (Hn'oiions  nf  muti.m   nf  an   CNU-rnai 


ercnci-. 


Th 


I'lniit   ri'hitivcly   \n   Iwn  n.iiiu>   in   the     link      nf     rcf 

>imi>lc    nuThanistn    with    lour   links  and    f..nr   iiiniin-    pairs    will 

iio  rliiiscn  as  the  first  ixa.iniiK'.  ;      "  '       ' 


/'.  f,  ,/.  ().  /'.  ().  A'  i 


is  shown  ill  I'io',  4.  the  letters 


I'  licint,^  chosen   as   the  link   of   rcforen 
this  liid<  is  shown   to  iiidu-ate  il^  1; 
lind  the  linear  \eloeily  of  the  point  ('. 


laving;   the  same  sij^nitieanre  as  I)efore.  and 


ce,  and  a  rou: 


;h  oiitl 


me  oi 


iriie  e\ 


tent.      1 


t   is  leqiiired  to 


'lilts  will  lirst 


)e  lottiKJ 


liaviii-   ilie  .-aine  motion-,  a-  (J  and  A',  whiel 


'.    and    llie    |ioint.- 
)f  0 


1  are  external  to 


h    IMI 


all    he    re  I  erred    1 


1 1   a- 


llu 


images 


nf  (J  and  A'  and  indicated  hy  aceents.  thu-  (>'  is  a  jx.int  on  a  Iiav- 
■     1  in  every  re-iiect  a-  (J  and  siniil.arh    with  A' 


iiil;  tile  same  inoti(  m 


In-peetion   will  at  oiiee  -h.-w  that  since  /'  i^  a  point  on  </.  /" 

e  rail   <■>    the  aiiL;nIar  \elocit\-  of  ,; 
ial)K  ■ 


Miiciile    w  itii    /  .  and   11    w 


11:  radian>  per  seci  ■!! 


u  .wiiicli  nia\    he  constant  or  -anahle).  then 


'I 


/     1  *•   ( '/ 


the  direction     -   to  Of  and   in    ll 


i;"'    a.    per   sec.   and    is    111 


le   sen-e   indicated   1)\-    '» 


-ncli 


-    ^v-^->NC;>-^.::^^^'-^ 


«  Mla-IIAVICS    OF    M ACIII.VKRV 


n.  piT  <ec,,  and 


The  remaining  ,„,int  (P  ,„av  lu'  r,„in,l  thus:     The  Wuvoti,,,, 
of  motion  ot  ()    • —     /'  ,s    ^_  ,,    f)/,     ,.  ,,         ,  ,         ^   ;iiuin  111 

lor  /  )   -L  to  tlic  (  liXTtion  ot  ()   _^     /'    ,  ,.      ,,,  ,1,     r        .1  . 

/'I   ;,,   fi,       I-       ,•  -  -  •       •   '■•-■•  ""   'lie   line      iidutjh 

of      o  i  :    7o  t:  1,  I"  ;:':  Z;^'--'--,     ^.^1,     ,,ie  ..irectio., 
he^nu;  n,otn,n    a.   A"   ,l,i.   i.   also   the   .lire.tio,,    ,.f  ^Uj!, 

and  thus  (.).,.  t,.xe,l.     Theveloei,v,,|0     i-     ,!,,,>     (Pi)      -,.       ,1,J 

''we'Vr- 7).    ''' 'r' ^''''' '''^' -•^•''^^' "''-■'•'- '1'=''  -f  ^ 

/.,   similarly   h"(J'    iOO' >    ^ill    he   .le„ou.,l    hv   ,'.      \W   a   'ini  •  V 


process  of  reasonh,-  it  may  rea.hlv  he  ^lioun  that  if  .V  Is  a  point 
on  h  muhvay  hetween  /'  ar  (J  tlien  .V  will  divide  P'O'  e.iuallv 
;md  also    /■   ,„,,^      1,^     ,,,nnd     l)y     tlie     relation     A'^/' :/'()'     '-: 

'Hie  (hasrain  may  i)e  pm  lo  inrther  use  in  (U-terminin..  the 
ma,:^nitude  and  s^si.  ,,f  tlie  an-nlar  velocities  ,,f  h  and  r  when 
that  ot  ,(  IS  i<now!'.  l.el  .,,  an.l  ,„  denote  respeeti^'lv  llie 
.-.ii.milar  velocities  ,,f  ,1,,.  links  /,  aiul  c  in  s,,ace,  tlie  an-nlar  vel- 
ocity ot  tlic  link  of  ret-erencc  heiii-  u,,  X,,,,  M,„-e  ()  and  /'  are 
on  oiu.  link  /..  which  has  an  aiv  nlar  velocitx  <.<,,  theref,.re  the 
velocity  of  O  -^^  /'  i.  (_;/'  .  ,„  ,,,^.  ,„.  ;„„|  ,i„^.^.  ^),  .,„,,  p, 
.•;re  points  ,j„  „,  ^^\„,^v  aiii_Milar  \rl,,cit\  is  ,„,  theret'orc  the  vel- 
ocity ot  (>'  ^  /'■  i.  07",„  ,,r  /,'„,.  i;n,  (P  ha.  ,Iu-  same  mo- 
tion as  ().  and  /"  has  the  same  mici,,,,  as  ''.  and  therefore  the 
velocity  of  0 _  /'  ,\,  ,1h.  ^ame  as  Diat  of  O^    ' ^    p^    ,.,■  /,  ,„ 

I'' 


>  '",    i.e. ,   (I) 


/>' 


and    siiii-e   h   aiul    ;     :•.}■.■    livi':!    •;!    ! 


^imilarl\-    '•) 


■''^i  ii    ■  'i    i  ill-    1  iiiaije 


Via.OClTlKS   Oi'    MlA'IIA.VISMS^  o 

<:t  the  links  /•  and  r  ;n\   a  iiicavnir  ,,|  tlu-ir  \  clMcitic-.     TIh-  siMise 
<.l    tliisr   vcl.H-itio   i-  rt'.-ulily   (IftiTiuiiu'd    fr, nil   tho   .m,-ii>  ,,r  tin- 


ratios 


and 


llm-  /■'   and  /-  arr  ..],]„, sitr  in    sii,r„,  lieiu'e 


IS  ni  npi.Msitc.  M-n^c-  iM  ,„,    an.i  1,_\    a   -miilar  |,nu-c'>s  ni   riasnniii- 
11  may  !u'  slmwn  Jin    ..,     i,  ,,|  ilu.  .;,nif  -in-i-  a-  -.,. 

'riic  ll^nre  (ri"tvi<  i.  I'vidcniK  a  virf.r  diaurani  lor  tlic 
r.c'dianisni,  ilu-  .hsta.uv  ,,|  am  pnint  ,  m  tlii^  dia-ram  rmin  tlu' 
|H>lc  ()  I.oiiil;  a  nuasiirc  ni  the  xcl.icitx  m  ilu-  crresp.u.din.. 
p;mit  111  tin.  nKrliani^n.  Tlu'  dia  rtinn',  ,f  inMiin,,  is  ncniial  in 
lire  iiiK'  jnniin-  tl>,  ii.rii!  ,  „,  the  \eTt.,r  dia-ram  to  O  and  \hc 
-rnsc  Ml  Miotinn  ,v  al-^n  known  in  mi  thai  of  the  an-nlar  \i-locitv 
oi  \\\v  iMiiiiary  link.  l-nrtJuM .  the  kn-iJi-  of  ihe'  sidi..  of  thi's 
li.mirc  /.'  (/"(J'l,  ,/'  or  (OA",  ,.te.,  aiv  niea^nres  of  the  an-ular 
\el.K-itie-  of  tlie  link<.  the  .en-^e  of  each  angular  veL.eilv  l-ein- 
readily  deterniiiieil.     i  .\,,ie  that  the  lentil  ,/'  ,,r  OR'  i.  inlinitelv 


Fig.  6. 

-■!:ort   deiioiinu:   ill, it   ,/  lia>   no  aii-nlar   \e!oeii\.   >inre  it    i-    (ixed 
in   ^|)aee.  i 

In  I-Il;.  3  oilier  iio^iti,  ni-,  and  proportion-  of  a  -iindar 
ireehanisni  are  --iiowii  in  wliirli  the  -ohition  i-  L;i\en  and  \ar- 
i-n-  relations  marked  helow.  It  is  t,.  he  noted  that  if  ihe  iina-e 
'•■  any  Ink  r.dr.ees  !-  a  siii-le  jioint  t  w  i  causes  are  i)Ossil)le, 
lai  II  ill!-  iM.int  fa!K  ,i;  O  the  link  i-  -talionarv  fop  th,.  instant, 
a-  ai  (/'.  hilt  if  the  n-inl  he  not  al  O  the  infereiiee  is  that  ail" 
pMiiii-  in  the  link  rio\..  in  e\aetl\  llie  same  \va\.  or  the  link  ha- 
a  iiii'iion  ,,f  ii.Mi-i,ii  inn  ai   llie  L;i\en  instanl. 

Ihe  iiielhtMl  >.\i'l  ;i,,\\  In.  rillplo-,  ed  t..  -oi\e  a  fi'w  t\])ieal 
ea-e<. 

l-i-.  o  1-  taken  ;;-  a  -miple  e\aili|)le.  not  heean-e  it  ilhi-lrate- 
any  I'laciieal  iiu  ehani^ni. 

Here  we  liinl  (."/"  and  R'  a-  hefo-e.  .and  -niee  v\  (•  know  ihe 
IliMti^n-    ,,1    .V    "^^^     O    :ni,!     <r     "^      P    tn    he  re- -ee:  ix  .'W     !m 

S(J   and   Sl\   hem  .■   we  draw   S7" 'parallel    to  Si'  and   S'O'    p.'n- 


v?'^;' 


t-TTKStJ 


10 


MIUII.WICS    Ol'- 


M  aciii\i.:kv. 


m 


■■ilu-l  t,,  so,  ul 
tcriiiiiifs  ■/'.     X 


winch  (K'l.  niiiiu-,  .s' ::tU, ,  A" /'    :  T'(J'     _ /,>/    -,    '    )  ,], 


t'\t.  sm 


wc   (lr:'\\ 


i"c  \vt'  kiiuu   ihe  nioi 


>■'  .  .-111(1  tiius  I 


(■:■/■: 


ii.ris  i.f  / 


p.-i.-.-illr'    t,,    /■/     ;,„,!    VT 


i>  <u  tcnniiiril.      IT  ,/  1 


)(sr 


S  f 
SI 


•■iii-iil:ir   \  rl(  K'il 


>v  ;i-.MiiiU'(l  tM  t!tr 


ai-,'illcl    |r 


n   Ml  tne 


y  '■■.    iluii  th 


I-'  anL;iil;ir   \ 


I'hu-ltV 


'"  .    ami  1-  111  tl, 


I'  .-anil'  v^.ll.^.  ;|^  ,, 


aiHl  tile  anijii- 


ir  \cloci 


l\-  Ml  [■■/■ 


'l"lt\-    lit    (  '    Is    Ol 


II 


)nvar 


i>  tn  the  left. 


llle    (lillTtii 


'11  I-         \n  Ol 


<I  ll 


llHI    llu-   sCll-i 


l-'i,^^  7 


tKKluced.     OP 


/  yivcs  a  iiiriluT 


.V 


t'lii-tniotii 


arc  Imind  as  hcf. 


1^  ;i.;^ain  !!ic  link-  i.f 


I'le  ill   w  liicli  a  slidiiii;  pai 


r  i'^  lu- 


ll.     It 


I  111'  flireciiMii  Ml   7 
'I'ic-  in   tlK-  (1 1  red  ion-  ~l 


ri  kTi'iu-c  ami   /",  0\  A' 


1-  L;ncii  in  space  l>\- 
i"\\n.      Ilrnee    7  '    w  ijl 


»?? 


j^y 


lie  (HI   a   line   tliPm^]]   {) 


-11  S'  I 
UT'   .    „ 


parallel  tc  ,S  7  ,  7  '   1 


1"  liie  ilii 


cell'  'II  .  if   7' 


■I-.  S  .) 


ilireetKiii         t, .  n7 
'  |\\  s  t  lie  eiiL^iiH'  m 


ee.inie.   Iixcl.       i  1„.    ,  ^,|, 


ll   a-    7"'    I 
leitv   1 1|'    / 


.•iiHi  n.  .ciiM'  1.  t,,  llu,  ,-,,.i| 


!c   pi-ti.ii   (lircetiMii   p 


'11-111  111  I  wii  I'.inii- 


tlie   eyliiKK'r 
1(1    JHi'ih.       I- 


■"■e^    I 


1-    -INel.        Tl 


1   llu-  cr 


le   -an 


ink-   -hai'i.    I  I 


\'i(ii-iitl\-    O' 


( I 


UTe   (in     (_>!' 
in   -pace   i-  Ii,,r 


lie-    1 1  n 


pi-.i(lnei(l  I,     ,,i|,|     al-, 


le    letter-    and    d 

r'lj'    111 


a  I   uiurt 
I  I    w  Inn 


e-eri]!tii  m 


i/iiii'.ai.  O'    u  ,:] 


riiii-i!     /' 
-Mice     ll 


applx 


I'll-  nil    \  fii.cii  \   .  .f  1 


lie   in    ill 


!'■  pi-;.  Ill  ( '  i\  OO' 


■     paralK-!     1( 
e     ii'iitiiin     ,,|' 
c   \enieal   ilir,  umli   (> 


-(  ii-e    -lii.wn 

iu-     pl-l.i|l 


1(1    ..ll-(  tliiiL;     tl 


le    e\  lindcr 


•11  llie  direeli( 


iherc  will  1 


l'|iCll\      Ml     il 


e\  i(!tiil!\ 


(■  a  e.  in-e-|M,n 


P"^i"-'i.   ainl    II    nia\    lie   -I 


I'MiKniiL:  iiierea^ 


>lev-rc, !-(.■- 
i'M\ii    iii:ii 


aii.i^nlar    \  eloeiiy   of   the    r.id 


/'" 


e  m   tlie  relnrii   -imke.    Tin 


"1.        I  n-lii el  1,  111 


\-KI,()C-|Tir:s    I  il'    MI'A'il AXIS.MS.  ,, 

in    tlic    uppiT   (lia-raiii    llic    pivtmi    vi'l,,cit\     i-,    /en.   at    llic    dead 
points.  IS  ci|ual  \n  thai   ,.1   tlu-  crank   pin   wlu'n   llic  nank   i-   \  it- 


Ql — J^^tr 


'^.'^^  1^1" 


d 
^^"' 


I'iiT.  R 


fail    and  has  a  inaxiimim   \al    r  uhni  t!ir  crank  pin   I-  Av  htlv 
t..  111.'  ri-lit  ,,i   tlic  vertical  th  ,ai-li  ( ).      I'nr  ilic  Imuc,-  .Ha-rani 


Fir.  0. 

ihc  p>>t..n  \cl,.cilv  1-  al.,.  thai  ,.i   the  crank  pin   when  the  crank 
i>  \iTticaI. 

i'l-.  N  >iio\v>  tile    Wliitunrth   (piick-retnrn   iiiMti.m,   which   i- 


;'^i^\V:v3a/,.,^ 


rum,  In,k,  u  I,:H,  n  ua...  at  oM.s.an,  a,.,,ular  vdun.v    „.  n,    1 ,  ■ 
>!;.U-,s.  sens...     /     a,u!  (J-  arc   fnund  l,y   insp.c-ti,,,,."    l-.n-tluT. 

l'a...l!el  t„  C)A  X^u,  /■  ,s  a  j.oin,  ,,„  |„„1,  „  .,,kI  r.  IIh.^c.  T 
','"/'  '■^•'^•^'y  ''f 'W  /'  nn  „  a,„l  ,-.  and  i,  uUl  Uv  cvidnu  that  ^inrr 
'•■  /'  and  r  a  1  havr  plane  incti.ni,  tlir  nnlv  ni-ai,,,,  whicli  Z' 
|-:.n  Iiave  rdatuc  t,,  /'  i.  sliding;  in  tlir  .Inxrti.m  ,,f  h.  ,  „■  ilio 
n,  o„  „  /  ^_  /'  ,s  ,n  ,lu-  dirortinn  nf  /,,  Iumkh-  y  is  nn  a  lin. 
'liH.nuh  /       .    t,,  h.  an. I  Mnrc  it   i.  al^n  ,,n  a  line  tlimni^li  (>  ,.a.- 


___afifl£ii  Ro3 


iir.   10. 


allci    III   /i    it    is    found   at     ' 
O  T 
T  K 


^^                                      A.^aui.   A"     may     lie  f,  mud     smcr 

^.^r    'I'lie   dMf.c.'    liiK's     <Iu,w     a     simpir  -cmictrK-al 

nie,l,,,d    un-  .,l„ai,nn^  tl,i<   rat,,,.       .V-     ,.    ,,„    a^^.  Mv\     ,„ 
A.^  and  aIsM  .ni  tlio  xcnu-aj  tlium-h  (). 

It   will   iv  nn,lcT>t,..,d   that    V'  ,.  n,.t   a   f.N.d  pni,,,   nn  /..  lu,l 

\.ill    >han,L^..    inv    ,.aoh    p,,>,tinn    ,,,"    Hic   niocliani-m.  Tlio    linrar 

'^"'^■'f>-   '"   "'*'   ""■'   li"'<l<;r.S    uiU   he  r).V    .    „.    and  ,hc  angular 

^^■'"^■">    "'   ^^'"   "'"  1-     ']^        '■'    in   n,„.,.iu.  scn^Ctn.,. 

Xntc   .hat   aithn,,^],   /'  a„d    7    nnncd..   thci-  imauc-  ,ln  nn, 
t'"  /    ha.   a    sh.hn.,    n,  ,:inn    ui,],    regard   tn   /'.   ami    lumo    hnth 

'"'th  /    and   /    wnuhi  ha\r  the  ^ame  volncilv 
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llH'll  WISMS 


'lU'    Styj,lu-||„,!,     link     lllnli,,,!     -ll.,\M|     jn     I'i. 


>li,i^iUl\-    (htlircnt 


iiU'tlind   (,f  at 


ID   in\i 


i,i 


iM's   a 


.      ,-.  •    •..tack    aiul    i>    worked    inw    in    full 

...  l.ut  ,s  n..t  .Iran,,  a-ractly  tc  M-ale,  .u  as  to  avoid  conm.i    , 
n    t    c  <l,a,^rain.      In   ,1,,^  .asr  the  link  of  reterence  is  the  crank 
shat    contamn,^-   the   crank    C    and    i!,e    eccentric     /■     and 
and    n.stead   ot    making   C\    /■■    and    /'    nnneuie    u„h    (      /■    and' 
.  .  as  in  the  prey,. n.  exan,;.]...   ue  liave  made  ()(■  .j  ;< '    ^tc 

•;."'  "^'■.  ^;"'-  'Y  ''•'^-  ■-'''■-•"Iv  ^een  that  the  nna^e  ,-f  each 
hnk-  ,s  snndar  and  Mmdar'v  divided  to  ,he  link  itself,  and  ue 
sec  that  the  hnk  ./  ./ntas  the  point.  (/.  .  /  and  H.  \\  ,  also  kno.- 
lu'  Ines  alon,.  whu-h  L'.  .1'  and  A-  lie.  s, ,  „,„  „,,  proldem 
:-  sm,pl_v  ,,ne  ,t  locajnu:  a  curved  Ime  sin.ilar  ,.,./(,/,',  \,uU  its 
cn.ls  on  thr  hues  ./'/:■  an.l  l-'/l'.  an.l  divided  a,  (,'  I,v  t''e  Ime 
through   (>  parallel   to   (///.   ., ,   ,l,at     ^J  J^  ^J^^'      ,"n„,^.  ^„.,. 

simple  .geometrical  mnliMd-,  ,,f  accomplishing  'this  res„lt  1„„ 
these  are  onmted  here..  Thus  .  /  .(/'A'  is  h.eate.l  and  the  wh.,le 
link  may  he  <lra\vn  m  similar  to  .  /(,A',  |,„,  t,,  a  larger  scale,  and  on 

it  the  pnint  .M '  mav  he  h.iind  from  the  relation     '^^'^  ■^^•' 

■  nice  k  slues  with  regard  to  .1/  wo  have  A'U'  normal  to  .Z'/." 
at  .1/  .  which  locates  K\  and  we  may  readilv  l,.cate  /.'  fmm  the 
relation      ';''  '-" 

'Ihe  iMiear  vel-citv  ,,f  ti^'^lide  valve  is  O/ '  ,„  an<l  it 
moves  to  the  right.  •    a,    , 

A-  ■?T^'~T^^  images  of  all  links  are  similar  to  and  similarly 
divided  to  the  hnks  themselves,  and  are  always  parallel  to  the 
links,  of  which  they  are  the  images. 

F.ack  of  space  prevents  further  illustratinns.  ,.f  which  v  erv 
niany  useml  ones  ,xiM.  l.n,  enough  cases  have  been  given  li. 
show  the  method  oi  procedure  in  anv  mechanism  and  n,  sl„,w 
that  hy  this  method  the  velncity  of  anv  p,,im  in  a  mechanism 
n.ay  readily  he  lound  hy  means  ..f  a  drafting  hoard  Tho^e 
using  the  phon.graph  will  no  ,l,,ul,t  invent  yeometrical  nieihnds 
liir  getting  the  .lesired  rali^.s  het  ween  the  image  and  the  link  in 
any  ca-e  which  occurs. 


CIIAI'TI.K   II. 
TOOTHED  GEARING 

In  maiiv  ^■;l-.(.•^  in  niaclnnciy  it  i>  nri-i>>-arv  t"  lr;(n>niit 
|i"\\er  lr..ni  ,.iu'  -liaft  |.,  anMtliiT.  tlu'  rati..  ..,'  i'ln'  aii-iilar  \vl- 
i.i-iiif-  (.1  thf  vh.iit-,  liciin;  kiiwuii.  and  in  \ry\  nian\  ca-^e- 
llii-  rati.,  i-  r..n-.lant:  tlins  it  max  1k'  dfMri'd  t..  I'ranMnit  i...\\t"r 
l!-..ni  a  -lialt  nnnini:;  at  uo  rt'\ -.  |ifr  niin.  t._.  aii..ilnT  iniiiini- 
at,  -a_\  jiH>  ii'w.  ,KT  min,  \  ai-i..n>  nu'thcd-,  arc  (...-^ihlc,  i',,r  ix"- 
anipli'.  ptdlry-  ..l'  |>ro])or  -izo  ina_\  1k'  allaclK'd  t..  tin-  -lialtv  and 
n.nniH-trd  \,\  a  l)clt.  ><v  >prnckcl  uIutU  may  lie  n^'d  i-.  .nnin'tcd 
l'\  a  I'liam.  a>  in  a  hii-yide.  or  pnlk'vs  may  ln' 'placi'd  on  tiu'  -liait^ 
and  thf  faces  ..|"  tlic  pnlloy>  pressed  1.  .'-ctluT.  s,,  tl,at  tlic  Iric- 
li.iii  hctwoeti  tluTii  nia>  ho  sultu-icnt  1..  transmit  llu-  p.iucr.  a 
Mine  used  -nmeiinu-  In  ant.,  wa-.m-.  ,.r.  a-ain,  l.... tiled  w  lieeN 
called  L;ear  wheel-  may  he  used  ..n  the  two  >hal'ts.  a-  in  -trect 
I  ars  and  m..st  atit(.m(.l')iies. 

Any  .It'  these  nu'th.ujs  i-  p.w-il)!c  in  -nnu-  ca-i-s,  hnt  n-nally 
tlie  l..cati.,n  ..!'  the  -hat't-.  tlieir  -peed-,  etc..  make  s..me  .,nc  ..'l' 
the  meth..ds  the  m.Mi'  preicrahlc.  Thn-.  il'  tlie  shal"t-  are  n..t 
\ei-\  cl..-e  t.i-etli.T.  a  heh  and  |)ulle\  -  mav  l)e  n-ed. 
hnt  a-  thi'  drive  i-  n..t  p..-;ti\e  tlic  heh  mav  -lip,  and  thn-  the 
rehiti\e  speed-  may  chan.-e.  the  >],<.-vi]  ..l"  the  <!ri\en  wheel  .il'ten 
hcm^-  (i\e  |)er  cent,  l.iwer  than  the  diameter-  nf  the  pnllevs  w.mld 
indicate.  W  hen'  the  -hal"l-  -ire  I'airly  cl..-t'  tii.L'Cther  a  helt  d.ies 
n.'t  WMrk  with  -atistact  i.  .ii.  and  theii  a  chain  and  si>r..cki't-  are 
s..nietiine-  ti-ed  which  cann.it  slip,  and  hence  the  -need  rati.,  re- 
<piired  may  he  maintaiiud.  h'.  .r  -hai'ts  wltich  are  -till  cl..-er  t.i- 
L;etlu'r  either  frictinn  L;car-  .ir  t... .tiled  -ears  arc  -eneralh  n-cd. 
Mm-  the  natni-e  i^\  tlic  dri\e  will  depend  nD'Ui  \ari.iiis  cirtiim- 
-taiicc-,  .ine  <.f  the  nm-t  ini|i..rtant  lieiiu;  the  di-tance  a]iart  .>l' 
tl:e  -hafts  cdiicerned  in  it. 

We  -hall  deal  here  mily  with  drives  nf  tlu'  latter  da--  ..r 
(....tiled  -car-,  w  liicli,  hn.adly  -jieakin.;-.  are  n-ed  hctwecii 
siiafts  wliicli  are  n.it  far  .apart,  and  I'.ir  uliicii  llie  rati..  ..f  tlie 
an-nlar  velocities  mn-t  he  fixed  and  knmvn  at  am  in-tani.  We 
-hall  hr-t  deal  witli  parallel  -hafts  whicli  tnrn  in  ..iip.isite  senses. 
the  ucar  wheels  cdiinccted  with  whicli  are  called  s/'iir  rc/zir/v. 
the  lar-cr  line  cmninnly  c:i'K<l  the  -cir.  ami  the  -mailer  .iiic  the 
l^iiion.  Kiiiciiiaiically.  sjiiir  -car-  are  the  .  \;ict  e.|iiiv  aleiit  "i 
a  pair  ..t  -iiinnth  rnmid  wheel-  .if  tile  -anic  mean  diameter,  and 
wiiicli  .-ire  in-e--eil  tn-cthcr  -. .  ,i-  to  drive  mic  .aiinther  h\  fric- 
''""•  Thn-  if  tw.1  'ihaft.-  13  in.  apart  ari'  t..  n.tate  at  _'();"»  revs. 
.'.nil  loo  rev.-,  per  niiii.,  rc-pecii vely.  they  may  he  c.iiinecied  1>\- 
tw.i  -iiM,  .til  wlie(.N  10  in.  :iiid  Jo  in.  in  diameter,  .me  on  e.acii 
-haft,  which  .arc  prc--c(l  t.i-ethei  -. .  tlicv  will  n..t  -lip,  ..r  hy  a 
I';;ir  of  -pur   wheel-   ..f  the   same  incm   di.imetcr,   h.  .ill    nielh.'id- 
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\.voi\ucmii  tlK'  (K'su-i'.l  tTMiltv  i;,u  ,1  ilu.  i„,ufr  i,.  !„■  -,in. 
m.tlcd  IS  -rent  the  lricli,,n  uliei-U  aiv  ina.ImiSMl.Ic  ..„  ao-nm 
<»1  the  -real  luessiirr  lutucrn  ihrm  inH-,-^aix  i,,  i,it-\,.„t  -1,,,. 
r.ni-.  It  slippm-  .HTtii-.  iIk'  M-lM,-iiv  rati..  i>\ai-ial.le  an.l  Mieh 
an  arrangement  u..uM  !,e  <.\  nn  v,.lue  in  muI.  a  drnc  a^  is  n-cl 
""  -1,  f'ri'i't  ear.  |,,r  ii.MaiuT,  .„,  aeo.nnt  ,.|  ilir  htUv  ni,,ti-n  :t 
uoiild  |)r(i(luee  on  the  latter. 

In  <ir(Icr  to  i)eL;ni  ihe  pn.l.Kin  j,,  i],,.  .nnplcM  ]Mi.,i|,K.  „av 
ue  shall  hrst  take  the  m-M  veneral  ea-c  ..f  a  pair  ,,i  .pur  ..ears 
eonneetm-  two  >halls  ,,  Im-h  arr  i.,  have  ao.nMani  \,h,city 
'■■'""■  '"'"■■"  1^  1'h-  rati.,  luiwcen  th,.  -|He(l-  ii.  and  ;; .  i^  t,,  I,,' 
eciislant  af  every  ;n-iant  that  the  sli.uis  art'  ie\  ( .!\  in-.  Lot  / 
he  the  (listanee  fn.m  eeiitre  i..  ecnire  .,1  iIr.  shall-.  The^i,  if  irie- 
ti..n  wheels  were  n-i.l.  w  ,■  <N,,nl,!  Ii.im-  ilu-  \  d.  .cities  ai  the  vim 
'■'  eachTT,/,;/,  aniJTr  ,/,;;.  in  inelirs  pri  niiimte,  w  hrr.'  ,/,  and  (/.  are 
the  diameters  ..f  the  wlu-el-  ni  iiudies.  ,-,,1,1  n  ^^U\  he  eUar  ili.ii 
the  velMeily  ,.|  ihe  run  ..|  earh  ^^■U  !„■  tiie  same  sinee  there  is 
'"     ''^'     'I"     '■lil>|''"U-         Ihlls     ,/,,./,  ,/,;,,     ,,,-    i-JI, 

I  ,  ami  r.  are  the  radii  ,<i  ilu    w  her: 

)(. 
)• ,   . 

II. 


Ii  re   -mei'  '■, 


we  -e' 


I  ir  ;■ 


■=[:    ']  '".■ 


'•.",.     w  lien- 
nt    r,     -:^    r.  I.      Tliere- 

•     '■-.     -  -  /. 
and  r 

I!        ■      II 

.Vnw.  \\hat(\er  artnal  shapi'  w  r  -i\c  i,,  ilu.,,.  wIutN  ihr 
mi.licin  .if  the  -hafts  nin-t  I.e  tlir  sanu'  a-  if  t\\..  -nniMtli  wlucl-. 
of  sixes  as  (h'terminrd  ah.  .\c.  r,  .Med  t.. -ether  with.. in  slij.pin-. 
in  .ither  \\..rds,  wliate\ir  sh.apc  llu'  wheels  aetnalK'  lia\e  the  re- 
-nltiii-  m..ti.in  mn-t  he  e.|iii\aKn:  i,,  ilu.  r..llin'^  t.^^etiur  ..f  t  w . . 
eireles  eentre.l  .  .n  tin  -liaft-  In  ^^.^ar  wheel-  the-r  eirch  -  are 
e;;lled  the  "/'.//  i-rr'rA.  am!  lluy  cvidi-nllv  t.>iieli  at  a  pi.iiu  .  m 
the  line  {..iion-  the  ruitre-  .f  the  w  luel-.  wliieh  p,.int  i-  railed 
ll;..  /-/V,-/;  /',-;;;,/.  \...,\-,  1,  t  llu  a.-Ui:il  ..iiiliiR.-  ..f  thr-e  w  !hh  1- 
l.<  a-  -hi.wn  ..n  j-'i-.  ii,  \Uv  pr.  Let  i.  m-  l.cinu  placed  ilurr  in 
.  rdii  thai  ihe  -liopiiiL;  "'  I'lc  niicli  line-  ni.i\  he  pvcxentr.l.  It 
!■■  lie-ire. I  t..  lin.l  llir  iK.-e--ar\-  -liape  wiiicji  tiic-c  pr.  .ii'ct  i.  .ns 
n-n-t  !ia\e.  [..'t  the  wluci-  t..iu-ji  at  ;in\-  p..inl  /'  ;iiid  i..in  /'  1.. 
th.'  pit.'h  p.  .iiit  ('. 

Ii  li:i-  alrca.ly  hern  -h-'Wn  ih.ai  the-.-  nilcli  circ!.--  mn-t 
a'way-  nill  nii.ni  ..lu-  ;ini.ther  wiiln.ni  -lippin-.  .V.'w  /'  i-  a 
p.:in!  whi'.di  i-  .■i.mm..n  i,.  iM.th  wln'cl-.  X-  a  p..int  in  the  'jcar 
it  n'..\.'-  with  re-Mrd  n.  ('  .  .n  tln^  p'nii.n  at  ri-lit  aimle-  t.-.  .."(". 
ami  as  a  i).>int  in  the  ninii'ii  it  mn-l  ni..\e  ;il  ri-hi  .-ni-les  i,,  /'(" 
w.ith  re-ard  t<  ■  ('  .  .n  ihe  -ea.r,  tlin-.  whether  /'  i-  a  |i..iiit  .  .n  ihe 
-ear  ..r  tiiir'nn  it-  m.'ii.  n  inn-l  he  '!..rmal  o.  the  line  i.iiiim-  il 
ll'  (.      S..nu    .-I  ii-'iler;ii  ieii    will   -h..w    iliat    in   ..r.ler  that    /'  ina\ 

h:o  e      'hi,     r!'ree*-..i;     ;.r     !:i.  .;;..:;      ■:;      .,-:.■]:      ..!i.-..!        1^.^     ,  !  . -^  , T     .!.". 

wheel-  ;it  /'  nin-t   h.    nerpemlicinar  t..  /'('. 


'"  \ii:ni  wu's  ()!■■  \!  \riii\r.m 

In  order  to  sjc  tln-^  \ci  iis  ,\;iitiiii.'  ilu-  ,aM-  -i).>un  in  ilio 
I'uviT  hj^urc.  where  llic  prujiTti.iiis  are  imt  iiMini.il  i..  /',(  at 
tlie  point  /',.  where  they  lom-li.  It  is  at  oucv  iM.lciu  that' slid 
itis  must  ueeiir  at  /',,  Iruin  the  very  nature  ,<i  ilu  case.  ,,,,.1  v\hiMv 
lu,,  l)n(hrs  ,|i,K'  npMii  ,in,.  annihcr  the  .hrceti.  .11  .,1  sliihiiy  nnist 
a'uays  ],f  alon-  the  i-oinnii.n  taii-eiit  U.  iln-ir  Mirl;ufs"at  ihr 
!!",',',"  "',  '"""V^'".'-  '"■'"■''  '''^  direetion  o|  sii.hn-  hen-  nnisi  ]„. 
'  ■'  '  '•"•  '"i  '^  'he  pi.i.ii  (.f  Kintaet  and  is  tlu^nf,  ,ri'  a  |..Mni  in 
(■.-'.ell  wheel,  and  the  ni,,ii.,n  ,,|  ihe  t  u  ( .  wliceU  nnist  l,e  the  same 
as  It"  ihe  two  pitch  eireles  rolled  looetlier.  ha\  ni-  ecnlart  ai  (  . 
^uel1  hem-  the  ease.  i|  we  place  tw.  projections,  as  sh,,un  on 
the  wheels,  the  direction  oi'  motion  at  their  point  of  contact 
shoitl.l  he  j.crpendicnlar  to  /',r.  whereas  jiere  it  is  perpendicular 
lo/',(  '.       This    would   canse   slippi,,;^    at    C.   and    won],]    ^i,  i-   tlu- 


■il;.    II. 


P'"Per  shape  lor  pitch  circles  ,  „•  radii  .ir  and  A'c  '.  which  uo„l,l 
eorrespoiid  to  a  dit'fcrent  velocity  ratio,  ihii.s  C  shouhl  lie  at  (' 
and   /',!"■   sjionld  he  normal   lo  l\C. 

1  roni  till'  I'oie-oin-  u  t'  max  make  the  follow  in-  important 
statements:  The  shapes  of  the  projections  on  the  wheels  must 
L-e  such  that  at  any  point  of  contact  they  will  have  a  common 
normal  passmg  through  the  fixed  pitch  point,  and  that  while 
the  pitch  circles  roll  on  one  another  the  projections  will  have  a 
sliding  motion.  These  projections  on  jjear  wheels  are  called 
'"■'"■  ■""'  '"'■  ^"uveiiunce  in  m.anufactnriii-.  all  ilu  teeth  o,, 
each  -ear  have  the  ,anie  shape,  altlmn-h  this  i,  ,„„  ai  all  neces- 
sary to  the  motion.  The  teeth  o,,  the  pinion  arc  no,  the  same 
sh.a-ie  .i^  those  on  tlu-  -ear  w  iili  which  ii  .'/;,-.v7;c.c. 
^  There  are  a  great  manv  shapes  of  teeth,  which  will  satisfv 
■'.■■. --.o;.    I    i;:;;;;.  .;:    ,i  ;    i.,i;i,    jn    (in.   pie\ions   p.ara-r;ipji,    init 
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U'  cvi- 


iiKlal  ami   the  in 


I'v  far  thr  most  tctiimnii  ,.f  tlic-i-  arc  tl ,„.,,    , 

volute   (oeth.su  cailc.l   l.,.ca.,se  the    cnrv  es  ■,•.„■„„„«    the..'    are 
eyclouls  and  involutes  respectively. 


I  Y(  I.OID.AI.    TKKTII 

Select  two  circles  /'(    an,l  /"C.   l.^r,    ,.,,  ,,„|  ,|,^,^^. 

to  he  mo.n.te<  on  hxe.!  shails.  so  that  the  centres  /  an.l  li  ,,i 
the  |,,teh  circles,  an.l  the  centres  ,,f  ,!„•  .Irsrr.hu,^  nr,/,.v/'( 
.U..1  /  .  as  well  as  the  pitch  pnnit  (  ,  all  lie  in  the  saiiu-  straidn 
line,  which  means  that  the  lour  circles  are  tangent  at  C  Vmv 
I^iace  a  peticil  at  />  ,,n  the  circle  /'(  and  let  all  fo.n-  circles  run 
M,  contact    without   slippin.^.  i.e.,   the  circumferential   vcl,,citv  of 


t 


Fig.  12. 

/  approaches  the  pitch  circles  ,v  an.l  fc.  and  if  the  ri^dn  hand 
l.o.ly  he  e.xten.le.l  heyun.i  the  circle  frh.  the  pencil  at  /'  will 
descrihe  tw..  curves,  a  shorter  one  /V  on  the  b..dv  ecg  and  a 
cm^er  .>ne  //  on  the  l.ody  /,/,.  the  p.-ints  .  ami  /  bem/reached 
uhtn  /  reaches  the  i.oint  .-.  and  fn.m  the  cn.litions  of  moti..n 
are  /  (    -;=  arc  cr  —^  arc  fc. 

Xou-  f>  is  a  common  point  on  the  curves  Pe  and  /'/  an.!  als„ 
a  jHiint  on  the  crcle  PC.  which  has  the  common  point  C  with 
the  remainin-  three  circles.  Hence  the  motion  of  /'  with  re- 
frard  to  ec,>i  ,s  perpen.licidar  to  PC.  and  of  P  with  re-ard  t..  fch 

liiai   is.  the  ianq;ents  t.)  Pc    and   /-"/    at    /' 
ihe   two  curves  have  a   common  taiii^eiU 


•  ■  i'eriH-ndioii-a!  to  /'( 
are  normal  to  PC.  or 


If) 
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and  luMu-c  a  .-..Mm,, .11  ii..rm,,l  /'(  :.i  ih,.,.  |m.iiu  ,,(  i-..iitact  and 
tl.i.  nnrmal  uill  |,a>s  tlu.m.J,  tl„.  ,,„d,  i„mmI  <  11;,,^  f'i-  and 
/  /  liiltill  the  iH-.is,;,r\  .-..iiditi-iK  i,,r  tlu-  vhapos  ,,|  ^-ear  tfctli 
■.MdiMitlv  tl,..  |.,,im.  ,,|-  o.iita.i  ,.|  tlu'M-  tu..  rnrvc.  !ir  al.m^ 
/(,  Miicc  hnili  i-irvt-,  arf  doci  ••(!  Mimillaii.  mh.Iv  l.y  a  |M.iiit 
vvliK-Ii  alvva\.<  rcinaiiis  ,,,,  tlu-  cir.  !.■  /•(  ^hut  i|u,,.  nirN,-  arc 
first  111  i-oiitact  at  /'  and  tli.ii  a.^jaiii  at  (  ,  wlun  /'.  ,.  ■  and  / 
ciMiu-ide,  it  K  cxidfiit  tliai  dnriii-  tlir  m.iii.ni  irMin  /'  1,,  (  the 
ciirvc  /',■  ,li|,s  Mil  ilii-  inrvc  /'/  ilir,,ii^li  the  di-taiicc  f'f  -  f'c 
V,v\nw  C  till.  |„.,u-il  at  /'  vv.,iil,!  MMi|.Iv  d.^rihi.  tlir  saiiir  niivos 
>>\  i-r  a^^aiii,  (nily  \v\  i-r^fd. 

\'<<  ttirtliiM-  cxti'iul  tlu'-i.  ,ni\is,  uc  place  a  M^oiid  pcnril 
at  /".  uliicli  will  drau  ilu-  .nrv.-.  I"-  and  {"It  in  the  >.anu-  way 
a-  liefnre.  tlu'^e  itir- (•>  liavin-  tin  saitir  |)rii|.ertifs  a>.  /V  and  /'/". 
llie  am. .tint  ,.f  slippin-  m  this  ,asf  hiini;  /•'-  l'>li,  .-.nd  the 
pmiit-;  of  eniitact  always  l\in-  .mi  tlu-  ei-'ile  (7". 

.\nw  i.iin  the  iw.i  <'in\cs  i  .riiicij  .  ,n  .v-.  that  is.  i.nn  -/"  \,, 
/v.  as  sli,,wn  at  /'.,;7','.  and  ilini  tlu-  iw..  eurv.-s  ,.n  /",/).  as 
shown  at  f'llij','.  and  vm-  iiavc  a  pair  ..t  eiirves  uhieh  udl  re- 
main 111  e..ntaet  In  .nt  /'  t..  /',.  whieli  alwavs  have  a  p^int  of 
contact  on  the  curve  /'(/",  and  whuli  alwavs  have  a  cmmon 
norma]  at  their  p.Miit  ..|  contact  passin-  throivli  C  'I"he  rela- 
IM,.  am.,mit  ..i"  sji,, ,„.,:;   is  /'/V,,/','  l'r,^'l\'.     1 1,  now.   we  cut 

oiil  t\\..  pieces  ot  \\i  od.  ,ine  iia\  ill','  its  sific  sliain'.!  like  the  curve 
/'.■/','  and  piMiied  at  ./.  whiU-  tJu.  ,,tlier  is  sh,-,p,.d  |jke  I'ff',' 
■"id  piv..ted  at  H:  then  ti.,ni  what  has  Keen  said,  the  former  mav 
Ih  used  t.)  drive  the  latter,  and  the  nioti..n  will  he  the  sn,u-  a's 
that  produced  '.v  ilir  r.illini^r  ,,f  the  iw,.  pitch  circles  t..i;ether, 
lunci'  ;hes,.  .hapi  w  i!!  l^'  the  pr.iper  ..nes  f,  ,r  the  f^n,filrs 
"'   ^car  teet'i. 

.'I'Ih'  curve-  /',  f'  !'\:^  and  /"/(.  wlrcli  are  produced  l,v  the 
'■"11"'.^  'I  "c  circK  !ti-i'l.  ..r  ..utsidi'  of  au..ther  are  called 
^■■xlohhil  cni\es  the  t\\..  I\-  and  /"/;  heui-  ,kn.  .\v  n  ;is  hvno- 
lycl.iids.  sine,  Miev  are  lornu'd  l.y  tlu'  di-sei  il.iuL:  circU'  r..ilin!.j 
inside  ihe  pit  ;i  circle.  wlnU'  the  tw,.  cinnes  /'/  .and  /"-  are 
k'l.-N'  n  as  epic>cloidal  cur\es.  in  this  ease  1\  ini;  ouside  the  pitch 
circles,  dears  ha'in-;  thest^  curves  as  the  pr.  ililes  of  the  teeth 
arc  said  to  ha\e  cycloid:;]  teeth  I  sometimes  errotu(.uslv  called 
ejiu-ycloidal  teeth),  ri  form  which  is  in  very  cmnion  use.  So 
far  we  liave  only  drawn  ..ne  side  of  tlie  t.'.oth.  hut  it  will  he 
evident  tliat  t]ie  other  sji^.  j,,  simply  obtained  hy  inakintr  a  frac- 
iii.U  of  the  curve  PrP\  on  a  piece  of  tracing,'  efoth,  with  -eiitre 
.-/  also  niarked:  tlieii  hy  turninq-  the  tracins^-  ..ver  and  hrm^iiit; 
the  point  ./  to  the  .>ri.!,nnal  centre  ./.  tlie  .ither  sidj.  ,,f  tlu-  tooth 
on  the  wheel  cc;^  may  he  pricked  throu-h  with  a  needle.  The 
same  nietliod  is  employed  f,,r  tlie  teetlt  on  wlieel  fch. 

Xothintj  has  so  fai  heei-  said  of  tlie  si/os  of  the  <lescril)inL; 
cncles.  and.  indeed,  it  is  evidetit  that  anv  size  (.f  descrihinir  circle. 
so  lon^  as  It  is  sonu'what   smaller  than  tlie  pitch  circle,  mav  he 
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are  iimited  hetween  t 
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tinn  of  pressure  between  a  i^iven  pair  ,,|  teetl,  is  aluavs  tl,e  line 
J.M.nn.q;  tlieir  pnuit  ,„  nmtaet  t,,  C,  frictiM,,  hein^  neoieeted 

Iheare  /'(•_!>  eal!e,i  tiu.nv,./-  .//>/>;•„<„/,,  hein-  ,hc  location 
'"  lie  pnu.ts  ,„  omtaet  .lnu„  to  tl.e  pitel.  pointC,  an.l  C/\  is 
called  the  .m-  ./  nrrss.  P  l.ein,^-  the  h.M  point  of  contact  The 
angles  /).  /  and(J/-:  are  called  respectivelv  the  an.lesof  a" 
proach  and  rece:  s  As  uiH  |,,  explained  later,  the  .hstance  he- 
tueen  the  addendum  and  root  ci.cles  and  the  i.itch  circle  de- 
pends upon  the  number  of  tee'.h  in  the  ^ear.  so  that  with  these 
urclcs  fixed  the  !eni;th  ot  the  arc  of    cnlad     PCI',     v.ill     d 


upon  the  diameters  of  the  dvscril 


epend 


I  ■,  .  •     ,       ,  ril<uij,r  circles  bein-  longer  as  the 

descnbmo  circles  become  lai-er.     [f  this  arc  of  contact' is  shorter 
than  the  distance  beiween  tuo  teeth  on  the  one  -ear.  then  onlv 


FIr-  M- 

«»i'e  i)air  of  teeth  can  b,-  in  contact  at  once,  and  the  runnin'.  is 
imeven.  while,  it  thi.  arc  i>  jus.  erpial  t.,  the  <listance  between 
the  centres  ,,i  a  -.ven  pair  ,,f  teeth  on  ,,ne  ^var.  or  the  p,tch.  a.  it 
called  (.^ee  hi-  .71  oue  pair  of  teeth  will  just  be  -.nn.^out  of 
"utact  as  the  -ccoiid  pair  i-  coniino  in.  which  will  al^.  cause 
il'T^i   'V;V"^''„"";'-''^^/''/"  "'^■^'^t   i.3l>me,  thepuch  o, 

'I^V''         1  "'"■  '"  '■"'""^'-  '"^•'•'■••'>^'  the  amount  ..f  .lippui^ 

"I  the  teeth.  '  '       -^ 

With  the  u-ual  prop,,rti<,ns  it  is  found  that  when  the  number 
Of  teeth  in  a  wheel  is  less  than  rj  the  teeth  are  not  well  shape.l 
tor  stren-th  or  wear,  and  hence,  .ilthoiiph  th,.v  ,v;ii  .-..i.-.i  .1... 
kinematic  conditions,  ihcy  are  not  to  be  commended  in  practice 
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riic  scfi  111(1  and  perhaps  thu  most  CMiiimnn  iiuiIkkI  of  h.rm- 
iiiy  tlu"  curves  fur  t^car  teetli  is  l)y  means  (it  involute  curves.  Let 
A  a?i(l  H,  l-'in.  13,  reiuesent  tlie  axes  of  the  -ears,  the  i)ileh 
cneles  of  wliieh  touch  at  C.  and  through  C  (h-aw  a  secant 
OCl.  at  any  aii-le  i>  to  the  normal  to  . //>.  and  with  centres  ./ 
and  W  respectively  draw  circles  to  touch  the  secant  in  D  and  /•' 
.  ';  HC  HI) 

•^"^^    „  ':j(^-  jy.-    --0  that  It  a  struigf  be  run  from  /'  to  /; 

and  Used  as  a  helt  i)et\\een  the  t \^(l  dotted  base  nvdcs  at  H  and 
/;.  we  would  ha\c  exactly  the  same  velocity  ratio  as  if  the  "rii^ 
iiial  pitch  circles  r'lled  together  lia\  int;  contact  at  C. 

Xow.  choose  any  point  /'  on  the  licit   /'/:"  and  attacii  at   this 


l'"ni;  a  pencil,  and  as  the  wIkoIs  revolve  it  will  evidenilv  mark- 
on  the  ori.truial  wheels,  havin-  centres  at  ./  aad  H,  two'curves 
/a  and  Vb  -esiiectively,  a  hem-  reached  when  the  pencil  -ets 
oown  to  i:  and  /-  heinn  the  startin-  point  just  as  the  pencil  leaves 
/'.ana  since  the  point  /'  traces  the  curves  simultanously  thev 
V.  Ill  always  he  in  contact  at  sonic  point  aloni;  DE.  the  point  of 
contact  travehn-  downuard  with  the  pencil  at  /'.  Since  /'  can 
"Illy  ha\e  a  motion   with  rej^ard  to  tiie  wheel  „/;  ii,.rnial  to  the 

^I."V''^  "i!"''  ■"''  "'.'.''1""  ^'''''  '■'•.!4'"-<l  to  the  wheel  Db  is  at  ri-lit 
•lii^it:.  !,i  /  ,/.  -i  vciii  i).j  ai  once  evident  tiiat  these  two  curves 
have  a  common   normal  at  the  iioint   where  they  are  in  contact. 


Ml'X'll  WK'S    ()!•■    M  \CII1\1-10-. 


and   tlii>  tiormal   evidently   paNscs   tlinm-li   (.   luiuc   the  .iMxts 
may  l)e  used  as  tlic  pnifilc-  of  -car  tictli. 

Tlie  curves  I'a  and  /'/-  arc'callcd  inv,.lulc  curves  and  ulien 
tiiey  are  used  as  the  prnlil,.^  ,,t  -ear  teell,  the  hitter  are  cadcd 
un-uhite  teetli.  Tlie  an.;;le  h  j^  ,.alK.,i  ,1,,.  „;,./,•  „;■  oblujmtx.  and 
evKlently  -ives  the  direcli..n  of  pressure  hetweeii  tlie  teeth  n,  , 
that  the  smaller  this  an^^le  hec.mies  the  le->  will  he  the  prc^Mire 
between  the  teetlt  lor  a  ,t;iven  amnunt  of  p,,\\cr  transmitted  If 
on  the  other  hand,  !hi<  aii^le  is  unduly  small,  the  hase  cMcle^ 
approach  so  nearly  to  the  pitch  circles  in  si/e  that  the  curves 
/'J  and  Pb  have  very  short  len-ths  hclow  the  pitch  circles  Main 
linns  adopt  i,,r  H  the  an.L^ie  14' _,  ,  in  which  case  the  diameter  .)f 
1-iC  l)ase  circle  is  X)(^  I  about  .^i/.^J)  that  of  the  pitch  circle  If 
the  teeth  are  to  lie  extende<l  below  the  base  circles  a<  is  i,.inl 
the  lower  part  is  made  radial.  With  teeth  ,,f  thi^  form  the  dis- 
tance between  th,  centres  ./  and  /?  niav  ;.e  -omewhat  increased 
withoui  attectin.y   ;n  any  way  the  re-ularitv  ..f  the  motion.      Iii- 


^ 
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volute  teeth  are  aNo  .;ro„o,.,.  j,,  ..e.u.ral  than  the  corresp,  uidiii" 
cycloidal  teeth. 

The  arc  of  coniitet  i,,  these  teeth  is  i,s..allv  about  twice  the 
puch.  and  the  number  ..f  teeth  in  a  ^-ear  -ho'ild  ,,,,t  be  le--  than 
12.  as  the  teetii  will  be  weak  at  the  root  unIe-<  the  aii-!e  of  ob- 
Ii<|uity  is  increased. 

liears  are  -onietimes  made  with  llie  teeth  0,1  the  m-ide  in- 
-tead  ot  the  ..ut-id,'  of  the  rim.  li-.  id.  Such  -ear-  are 
called  anmiUu-  ^^c.ns.  and  they  are  alwav-  made  to  ni"-h  with  a 
-I'ur  pmion.  the  property  bein-  that  both  -ear  and  pinion  rotate 
HI  the  >ame  -en-e.  The  teeth  on  the  annular  -ear  are  made  in 
exactly  the  -anie  uay  .as  ,1„,-,^-  f,  „•  the  ^\mx  -ear.  and  are  involuto 
or  cych  lidal. 

\\  lui)  -lie  L^ear  of  the   pair  lia<  an   intinite  railiu-  the  pitch 

itie  becMUUs  a  straiidii  line,  and  it  i^  then  called  a  nuk.  the  teetli 

hem-    cycloids    ni    ,.ne   case,    and    in    the    involute    -vMem    bein- 

strai-ht   lines.  f,,rniiii-   an  an-le  ()o    ■     H  with  the  ni'lch   lii.,.    1  hr 

u-ear  mesmn-   with  tile  rack  bein-  called  the  pinion 
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(icar  tcetli  arc  h.nm.l  in  \ariuu<  uav-,  sue],  a-  castint^, 
cutting  from  ^olid  castiii-,  i.tc..  and  as  it  is  o'nlv  pussilde  V>  make 
the  tocth  ai-cnratcly  I,y  tlic  lattt-r  nu'tlKul.  wJ  sliall  speak  lierc- 
aftcr  ni  i-iil  teeth.  In  this  ease  an  aeeurately  tnrned  eastiiit,--  is 
taken  nl  tiie  same  diameJer  as  i!ie  ontside  ni  the  teeth.  and'\lie 
metal  forming  the  spaees  between  tlie  teetli  is  earetnllv  em  oi;t. 
leavint,^  aeemale  shapes  if  the  wurU  he  properly  done. '  The  var- 
ious terms  ai)i)hed  to  -ear  teeth  will  appear  ir')m  l-i-.  17.  '{"he 
addendum  line  is  a  eirrle  whose  diameter  is  that  of  tile  outside 
ot  the  t;ear.  The  runt  or  dedaulum  line  is  a  cirele  whose  diam- 
eter is  thaiat  the  hotlom^  of  the  teeth.  The  difTerence  hetween 
the  radii  of  the-e  two  eireles  -i\e-  the  hcii^ht  of  the  leelh.  The 
dimension  of  the  teeth  parallel  with  the  shaft  is  the  :.;<///;  ,«/ 
hrcc  or  often  the  face  of  the  tooth,  althoii-h  the  word    faa-  is  also 
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used  to  denote  the  snrfaee  of  the  tooth  outside  the  i)iteh  line,  tlie 
part  of  the  snrfaee  .if  the  tooth  helow  the  ])itoh  line  heiny  tne 
flank,  '{'he  solid  part  of  the  tooth  above  the  pitch  line  is  the 
point,  and  the  solid  i)art  below  this  line  is  the   yo,>t. 

Let  1/  be  the  pitelt  diameter  of  a  ijear  havine:  '  teeth.  //,  be 
tlie  heii^ht  of  the  tooth  above  the  i)itch  line,  and  /;,  the  depth 
below-  the  i)iteh  line,  the  total  hei-lit  /(  --.-  /;,  'r  Ji .  .  further,  let  :e 
be  the  thickness  of  the  tooth  measnred  alon--  thepiteh  line.  The 
<listanee  from  eeiitre  to  centre  of  teeth  measured  aloii-  the 
pitch  line  is  the  cinnlar  pitch  or  pitch  p.  and  tiiis  definition  at 
once  .uMves  tp  _  nd.  As  a  matter  of  convenience  I'.rowii  and 
Sharpe  have  introduced  a     second  |.itch.  now    a'so  coninionlv  ad- 

o)ited,  called  the  dianiclral  pitch  and  deiined  as  ,/  '  .     It  wonM 

naturally    lie    expected    that    the    diametral    pitch    wduld    be    the 
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.mmlar  m,"  „k-Iu>  ni  .lianu'le,    ,ht  .,,,,,1,.  since  the  circlar  pitch 
.  t   e  mmilur  ,„  n,clu>  m  nrcnnicrnu-c  per  i,,uth.     Tl,e  .lia.n- 

llie  k,i<.w.ng-  f„nm,las  arc  .-..Inpie,!  l,v     I'.rou..     and     ^harne- 
^  ''"  i  .  1  ■        1  „  '     ■ 


these  dnnenMons  hein-    n^ed   fur  cut     tct 


—    .  4'V-  ;ni<I  hence  there  is  a  /'ifr/,'  lash 


th. 


20  ■       "  2 

I'lT     ca>t     ii'ctli 
.-.,,.,  .   "4/^  l>et\\e(  n  an\- 

IMir  r.i  teeth   uh,cl,  are  n.  n.e.h.     I„  c„t  -ears  there  is  nu  hack 

lash,     \nticc  that  since  //,        /,,         jj,    there  i.  alu  ays  a  r/,vn,;„v 

space  of   .(,3/,  hetween  the  t..p  ,,r  one  tn,.th  and  liu-  rout  line  ul 
the  other. 

It  uill  he  evident  at  .,nce  that  ii  a  pair  of  -ears  are  to  work 
o.yether  ,t  ,s  necessary  that  tliev  ha-  e  the  same  pitch  ^  an<l  also 
hat  .n  the  cycloidal  Msteni  ,he  same  .IcM-rihino.  circle  muM 
have  l,een  used  ,n  hoth.  or  if  in  the  involute  system  tile  same 
-hh.pnty  should  he  used  in  lu.th.  Wheels  so  constructs  that 
any  pair  ot  them  may  work  t<,^ether  correctlv  are  called  vc/ 
idu-cls.  Let  </,  and  ,/.,  he  ihe  pitch  diameters  and  r,  and 
r,  the  ra.ln  ot  two  wheels  which  are  to  work  t.,yether  the  shafts 
bemo  /  mches  between  centres,  and  the  wheels  turnim^  at  //  and 
'/_  revolutions  pc,-  ninuite.    Then  from  pa-e  13 

'  „      ■         .     /,  and  r.  "  / 

,  .     .  ,  "         "  ;;     -  ;; 

this  turmula  applyin-  to  spur  :;ears  ,,nlv.  not   to  annular  '.ea-s 

1-nrther     '  '  >' 

r,  t  n 

h:.xample:-Two  spur  wheels  are  to  he  placed  hetween 
shatts  runnm-  at  100  ami  200  revs.  p,.,-  „,,„.  respectivelv  the 
shalts  l)ein-  <)  in.  centres,    and     the     diametral      pitch     heiii-     ^ 
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c  diameter  of  the  ;;cars  are  1/.    ~ 


(/.. 


1 

d 

hei"ht  /(. 


6   -I-     ~    ,,r  i<l   in 


T   p 


rile   circnhii-   pitch   /-   i 
-M416 


le  out- 
=   I.  I    and 
^d 


t 


1.047 


20 


1.047 
20 


.^S5in..-./;        .71')  in 


Ihe    student    sl„,ul<l    practice    suKin-    in-ohlems    ,,n    ..ears 
«sinnm..    flitfi.i...in ,(;«; 1    ..  1  1   ■  .    ^      .     ' 
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w.Ivin.y  ;mmilar  .^rar>.  ()„  hcMii-  i,,i,l  that  tho  n„i>i.Ii.  ,l.ai.utcT 
<'l  a  t^i'ar  is  4  in.  and  ilu  .liaiiuMral  pitcli  N.  W-  .|,niil,l  at  ,„uh' 
Kii.|\v  that  .1  lia^  .V)  UTih.  aii.l  hi-  .h..iiM  l,i-omu-  wtn  laiiiiliar 
with  Mich  calciilatidiis. 


I5i-;vi-i.  (ii:.\Ki\(, 

I  hen-  an-  maiiv  ci^-s  in  |,ractu-i-  \Uu-rc  -car-  imiM  (hivi- 
In-tui-i-n  tUM  ,lialt-  xJurh  n-  n..:  ,,aralk-l,  aii.l  thi-M-  -liali-,  niav 
"i-  may  iiM,  W  ni  one  |.!ai  ,-.  If  iJu-v  .|m  Ik-  in  ,,nf  plain-  tliciV 
aNos  will  intiT-fct.  an.!  this  laiirr  ra-c  i,  the  milv  ..m-  with 
uhu-h    wr   .hall   .K-al    li.-rr.      Tlu-   axe.   ,,i    tlu-   -haft,  'niav   hr   in- 


Fig.  18. 

HiiK-<!  at  any  an.L^h-  tn  ,,ni-  an,,tlKT,  tlu>  in,..,  r.-mm.ui  oa.,-  Ikiii-. 
w„rre  tlu-y  aiv  at  x^.,\n  an-lc>,  althnn.uh  tlu-v  tR-,Muiulv  intc- 
so-tai  Mt.HT  .iL^K-s.  Ilu-  ^rai-  ns.-.l  t,.  dm  ,-' Int  u  cm  tw..  snd, 
Hiatts  arc  called  /vrv,  .-,-,n-,v.  and  in  the  ca^e  >a  lure  the  <hat"ts  are 
at  ri-ht  an-lc-  and  hnth  tnrn  at  the  >amc  -peed  the  t  \^  .  ■  h,  vrl 
^•'•^■^■;-  ^\"iihl  he  .x,,ct;>  e,|nal  in  all  re-pcct-,  and  are  ;!ien 
'■died    uvAvc    ,,,vr,v.      Me ,  el   -ear-  ai  e   rai  e!  s    made  annnlar. 

'-*■■"    ■'    ■""'    /'■    '-'i,^     I'"'-    repre-em    tlu-   axe-   m|"   -  ^^ , ,   -li;,it-    ni- 
icr-ectm-  at    (,  and    let    tlu-ir   -peed-   i.e   n.    ami   u.   re-;eetneN 
I"  tiiid_  the  -i/e-^  ..|   ihe  -cir-  neec--ar\    in  dn->e  hemee.i  diein 
^■'    '-    '"■■   -'    I""iil    "I    >-"ntact    helwceii    the   l^ear^.    the    radii    t..    it 
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hi'iiiu;  ''i   ami   /■..       I'll 
the  spur  sjoar.  nr 


r  n. 

r  II 


I'.ii..  a--  111  tlu'  ca^r  ni 
(•iin^iam.  ami  liciioc  at  anv    puiiil 

r 


wIkti'  these  i;ear>   wmild  t.'iu'li   we  --iHiuId   ha\e  iJie  ratii 

r . 

eousl,.  a   eomlitinii    wliieh   eaii   i)iil\-   he    lulfilled   hv    i)omts   l\iiiL' 

oil  tjie  line  /•.(  .      In  the  ea>e  nf  lievel  ujiar--,  tlnTeh  ne,  emitaet  i^ 

.-■.ioiii;   a   straight    line   pa---)iiL;    thrnnLrh   the   intersection   cf  their 

'hafts,  and    it    may    Ix-   shewn   that    ,\  e  ean   (^nlv    L;et   the   de^ii'ed 

niotidii   l)_v   rdllinu;    t''      tlur   iwd  eiini."^.  each   havini.;'  its   api'x  at 

C".  and  an  angle  at  tlu   apex  nf  j^/,  wy  jH...  as  ll^'lrke(l.     If  ^        ij< 

ar.d  /(,    -     11.^.  tlieii  0,         H.,    -   43   .      It  i-  m  he  nhserxed  here  that 

the  ant,''les  ^,  and  fl .  are  fixed,  when  ^|.  (/,  and  /( .  are  kiinwii.  hnt 


I'ii:.  \n. 


I  lie  of  the  radii  r,  1  ir  r.  :na_\  he  --eleeted  at  will  h\  the  de--iL;iier. 
It  is  iK't  ciiii-'derc'd  ad\  i>ahle  in  tlii~  di~ens>i(in  tn  enter 
intd  the  exact  fnrin  the  teeth  >liiinld  have  in  such  a  ease,  and 
the  nielh.id  nf  rmdiii;^  the  proper  -hape>  will  merely  i)e  deserihed. 
I -I't  I'Il;".  M)  repre-^ent  ■tie  mi'  the  wheels,  with  ani^le  -'",  at  the 
vertex  nf  the  emie.  ami  let  the  radii  r,  and  r,'  he  -rieeted  t"  -nit 
external  ennduinn-.  Thr'.UL;!!  /'.-iiul  /•  draw  liiie~  /'(<  and  /// 
n.irmal  t^  (7'/'.  to  intf-e'-;  the  ;i\i-  m|  the  -haft  at  </  and  // 
res^eetix  td\  .  Then  at  /'  the  tecili  will  ha\  i'  the  -anu'  ^ha,  a-  if 
e.  ■n-'ttnu-teil  fur  a  -piir  L^ear  cf  radius  (,/).  and  at  /■  the  teeth 
vlidnld   he  enii-trueti  .1    f.  .r  ,1   -p'lr   L:ear  <>\    radiii-   ///'.  and   -1  ■   h  t 


/■  til  /),  and  either  the  '  -Miliitc  i>r  evelnidal  swtem  mav  he  used 
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lli;i.l(  .\I.    C.ICAKS 


A  ^iii(l\  Ml'  li-.  14  ^liM\\s  tliat  ilu'  li'-->  tlic  lui^lit  111'  tlu' 
tce'li  the  tiKirc  marly  tlu'  liiu's  /'('  and  /',('  ln'conu-  iinrnial  U> 
till.'  liiK'  iif  ocntro  . /(  />'.  ami  lu'iue.  umltr  »iuli  a  ci  iiulitiDii,  tlu- 
lf--s  tlif  |ircs--uri'  littwcrii  tlir  tcctli  (which  i-^  in  th"  (lirectinn 
/'(')  I'di-  a  L;i\(.-ii  ani.'iint  "i  jxiwiT  iraiisniiltuil,  tliU'-  i"v  a  L;i\in 
1  I'l'-Mirc  lii'tw  (.a'li  the  Irftli  tlu-  maximum  |hi\\i.t  \\iinhl  '  e 
transmitted  if  the  line  >>}  ]ii'e>>ure-.  were  lan^eni  tu  the  |iiteli 
eircl^.■■^  at  (  .  If  the  lieii^ht  nf  the  teeth  i-  deerca'-rd,  hnwi'xer, 
the  are  '<\  apprnaeh  i--  deevea-ed.  and  hei  ri'.  fur  a  L'iven  jiiteh. 
the  ^malU'r  will  he  the  nmidier  nf  teeth  in  enntaet  at  ni.ee,  and 
the  tniire  iniexen  will  he  'hi-  mutinn.  If  imw  .  instead  uf  tnakini^ 
tlu-  ti-eth  direetU  ae'-c^-  tt'.t-  L;tar  parallel  with  the  a\i-.  the\  lie 
I'lin  aefi'-.^  it  diai^i  inallv ,  -n  a--  t"  fi'rm  |iart-~  .if  a  helix,  tlii-n.  iii- 
s  ead  I'i  a  whuK  tii"th  .iii  tlu-  L;ear  enmitit;  »iiddi-iil\  'iitu  ei'ii- 
taet  with  a  \\hi>K-  l.'cth  im  tin-  piniim.  w  i-  wmild  ha\i-  a  pair 
(if  teeth  eiiniinv  L:ra<lnall\  nitu  O'titaet.  the  enntaet  liei_;imiiiiL^ 
a'  'ini-  end  and  u;radnali\  wnrkiiiL;  aer  !-,•,  tlie  -.^ear,  till  thi-  1  alter 
umI  i-  t'HtehinL:  it^  mate.  In  ^iteh  a  ea--e  the  teeth  need  imt 
he  liiu;h.  and  \  et   theri-  w'l!  In-  nn  nnexentu-^--  in  the  tnntinii. 

Wheels  with  ihe  U''.-lh  made  iti  this  way  are  ealled  licliitil 
s^rars.  and  it  i>  tn  he  remenihcred  tliat  if  we  jias--  a  plane  thriiitL;h 
the  wheel  iinrma!  tn  it-  axis  the  pmtiK-  nf  tlu-  tnuth  sn  -liMwti 
^-hi'iild  he  iiiMilitti-  i>r  eyeldidal. 

Ilelieal  ultetl-  ar-,-  11-ed  in  tlu-  I 'e  i.a\al  -tc-am  tnrhitte. 
where  the  pinimis  nm  at  400  revs.  ))ei-  sec.  withmtt  n'ii--e  They 
are  aNn  used  in  mi!'--  and  nther  phices,  wlu-re  --teady  tiintinn  is 
desired  m'  the  piweer  tratismitted  is  lari^c. 


(  11  \i'ii:r  III 

TRAINS  OF  GEARING. 

In  inliiiaiy  iix.-  mMi>  aro  frcijiii'iiliy  anaiit^od  in  a  sciii-' 
"II  »c'\  iral  separate  a\lfs,  a  -crit's  hi'iiii^  callod  a  ^('1;/  nl'  i;iarin,L;, 
~ii  that  a  train  nf  i^iaiiiii;  consists  di'  iwn  or  ntdir  vvlu-ols.  wiiicli 
all  turn  at  tlu'  saiiir  liim.-,  the  aiii^iilar  velniitii'--  of  all  \\liii'!> 
in  the  train  hcinj;  known  when  that  of  any  nne  is  j^ivcn.  \  train 
of  Ljcarini,'  may  always  lie  ri'iilacod  by  a  -iiiLjlf  pair  (pf  wlieeU  oi 
proper  liianu't'.  r.  iii!t  in  many  oa-es  the  dianuters  of  the  two 
L;ears  would  Ik  >-ueh  a-,  to  maki'  the  arranL;ement  mide'>irai)le. 
W  lieti  the  ira:ii  eonsisl<  of  four  or  more  wheeK,  and  when 
an\  twi'  of  these  of  dit't'ere'it  sizes  are  keyed  to  the  same  iiitei- 
tiH'diate  -haft,  the  arrau'^enu'iii  i-.  ^aid  to  lie  a  loiii^iUind  Iritiii. 
These  trains  are  \ery  eommou.  If  the  i;eais  are  so  airan^eil 
that  the  axis  of  t!ie  last  iL^ear  lies  in  the  same  -trai'-^ht  line  ;i^  iliat 
"1   the   tirst    L;ear.  a^   in    ilie   train   lietween   the   minute   and   hour 


i«.   -'O. 


hands  .if  a  eloek,  I'le  train  '«  said  to  lie  rrrrrti-d.  If  cpue  of  the 
L;ear»  in  the  train  i^  held  stationary  and  suiue  or  ail  nf  the 
other  Liears  re\ol\c  al)otu  it,  as  in  the  ease  of  the  <litt'ere;iti;'.l  Ljear 
o''  an  ;iutomol)iIe.  where  one  haek  wheel  stojis.  the  schenie  i^ 
ealk'd  an  cpicychctrai)!.  It  is  ipiite  couiir.<in  to  ha\e  a  reverted, 
ei>ieyelie,  eonipouud  tfaiii  or  a  simple  epieyelie  train,  thus  in  the 
i'pie_\elie  train  the  axis  of  the  last  year  nia\  coincide  with  that 
o'  the  fir^t.  ahhipui;h  this  i-  not  at  all  necessary. 

The  rdihity  idtio  if  an\-  irain  of  L;eariui,''  is  the  numlier  of 
re\ .  .Inlii  Ills  made  l)y  tlu'  iast  wheel  di\idc(l  by  the  ntimhei'  nf 
reV'initious  in  the  ^anic  tinu-  of  the  first  wheel  in  the  ordinar\- 
train,  or  "f  the  fraiiu  in  the  epiryclic  train.  Tlins,  lei  '.' .  lie  the 
mniilier  if  rex .  ilutioi!-  per  miinile  made  by  the  la-t  uear.  .iild  let 
n,  ]u-  the  rr\  I  I'nt'i  us  per  minute  "f  the  tir-t  L;('ar  in  the  ordinary 
train  nr  •  .f  '.lie  fr.inie   in   the  epicxclic  tr.nin.  tlun   the  ratin  nf  !he 

t'.aiii   A'  'r.ikim;   rir--t   a   tr.iin   in    which   the   frame  i^  lixed 


:!nii  an  ■>,  1  n-ei^  1  e\ '  10  e.  u- 
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TRAINS    OI'    CIVXRIXC^ 


-•<) 


-'.    Imk.   jo.   liavm-   >|.tTil-   n,.   //..  vie,   cu-..   radii   r,.   /■,     i.|c     and 

';\""'"''V"'^"^"'-'"  ' '•    "-IH'tndv.    the    ^.ar.   .V   an.l 

I'  l)LMii-  kc-.vcd  t,,  ,,iii'  vliaii,  a~  als,,  tlir  -car-  ,  and  r.  Ilitis  ili,s 
i>  a  c-Mini),,iiMd  tram.  I'vi.K'ntlv  aii\  pair  nu-^lmi^  tn-rtlur  -ikdi 
a-  /.  and  ,-,  imist  havi-  ilu-  .amc  |,iu|,.  and  aUn  the  -anu'  tvi.f  mi 
tcxlh  M.c.  uivolme  ,.r  oH(.idali.  l,„t  anv  ,,tlur  L;ear  m  tlii-  train 
Mia.\  have  a  diltcroiii  >ystfin  and  pitch,  pr.,v.d,.d  ..idv  that  it 
.Mills  ihf  -car  vMth  uiiich  n  incvh,-.  Tlini,  ii  at  miut  f..ll,,vv>,  that 
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(-aUiii-  nun-  the  first  alicci  in  each  pair  tlie  (h-i\,r  and  ^i-cuu>\ 
\\hvv\  tlic  driven,  we  .al  miu'c  -cl  llic  nil,-:  The  rati..  ..|  a  train 
A'  IS  the  i)r.:Hlnet  mI  the  radii  ,,|  ilu-  (hivers  di\idi.d  hv  liie  pr..- 
<liu-t  Mt  the  ra.lii  ,.|  the  driven  ulieeU,  nr  the  ratio  is  ifu'  pn.diiet 
">.  tile  teeth  m  the  drner-  (hvided  hv  the  pr-dnet  ,.|  the  teeth  in 
the  (hi\en  wlieels. 

Should  any  ..|  liu  rJieel-  in  the  ah,,M-  train  he  annular  ex- 
aitly  the  same  law  hohU ;  and,  in  |;u-t,  tlie  -anie  law  will  li,,kl 
11  sotiie  ol  the  -ears  are  rei)laced  l.y  heit-  and  piillevs,  >. ,  thai  the 
delermination  of  the  ratio  is  .piite  simple  in  an\  ease,  ■riuis.  in 
the  al."ve  ease,  let  //,         50  re\>.  per  min.,  n,  So    re\s..     ■/, 

!-'<:  re\s..  and  ;;.,  ■      jix.  re\  ■..  ;mi|  let  r,         (.  in.,    r,,  4   i,,.,   a,id 

'■.  5  in.:  a!-,,  let   the    diametral    |)itrlie-    he    1,  i>  and  S  i,,y    the 

pairs  I  and  ,1.  h  and  r  and  ,■  and  J  re-peel  ivel\.  Then  we  have 
'■,   "'^  .v't  in.,     r  2\     m.,  r.  1,  in.,  or  ,/,     -    12  in..  ,/,,  -      7'  , 

H!.,  ./.,  —  8  in.,  ,,',  r=  5  J    in,,  d^  ~   to  in.,  and  (/.  -=-  A  in.  :  aN, .  /' 
^      4S  teeth,  /,,  —   ,^0  teetli,    t,.   =_    4S    teeth,    /,       "     ?_•    teeth.     /, 
S<.  teeth,  and  /,      ■  aS  leetli.     The  \eloeit\'  ratio 

''         '•,        '•  6        4       ,> 

r,    ■    r.         r  ,? ' ,         II         ?>  ^ 


A'  "f  the  train 
or  A' 
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A,       t        t  M)       M       4S         "* 

it  may  he  ohserwd  that  the  whole  train  miuhi  l.e  replarrd 
hy  a  -ear  ,V)'>7  in  dia.,  meshitiL;  with  a  pinion  (,._-(,  i„  ,lj;,,.  withi.iit 
ehan-in-  ihe  dist.anee  hetweeii  tlu'  lir-t  and  l.i-.  -haft-.  Inii  ilie 
-:/e-  ■  rt  the-e  -ear-  wiuild  in   many  case-  In-  piohihit  i^  ^., 

.\-  \i<  the  ~i'n-c  of  nuation.  it  will  \,^■  e\  idcnt  tliat  n 'i'  -in- 
contact  i!wM  wheel- i  hetween  -pnr  ucar-,  ilu-  -cn-e  i-  re\  e^-ed  ; 
i'lr  IWM  cmaci-  it  i-  the  -ame,  f.  t  three  re\ersiMl,  etc..  i.e..  it 
ihe  iiiimher  .  if  CMHiact-  i-  odd  the  I'lr-t  and  l;i-i  wheel-  lurn  m 
"PI" '-''-<-■  -eii-e  and  \  ice  \  er-a  I'.ach  cntacl  with  an  ;inin;';ir 
uear  iH'Ht  rali/i  -  a  contaci  with  ■imr  -car-,  in  re-ncct  \,  <  the  -i-ii-e 
'  t  r..tati'.n.  and  if  at  anv  jilaee  hel  we<n  'jear-  i.f  the  irain  ,1  l.eh 
and  pulley  art    n-ed,  then  ;ji  open  htdt   pn.(lnces  the  -ar.ie  1  tfict 
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liiiiiiii.  ami  a  cru^x-il  |„li  tlir  ^an 
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ii"l    iiuii'(|iiciiilx    ha|>|K-iiN   thai    in    a   (•niiip,,im(|    train    tli 


twn  wlit'cN  fill  an  inti-niu'diati'  a\ 


c  ail'  mailc  tin-  -anif  diaiiK-tiT 


anil  <-Mnil>inr(l  inii 


Snrli   a   w  li.i !    is   tluii   i-alkMJ 


nils  w  r  iiia\    maki'  i 


n   idliT.   aiirl   III- 


'i,.    I.e..   /, 
|K'i-li(in   ..r   ill 


f'lrmnla   -Iimxv  .   tiia;    siu'li   an    idlt-r  jia-   ii.i   vifvit    up. .11    A*,  and 


ii-cd    -iii-l\    t( 


iii~laiicc   ln-i 


i>   cliaiiui-    till'    sense   ui    rntatinii    "i   in    111 


uoeii    the    axc' 


.1"    ll 


s.Min-  time  iiuTea-iii''   their  diameter' 


iTcase    tile 
le    1  ilher    w  heels    \\  iiji,  ,in    at    I  lu' 


W 


hall   nM\>    s.  ,|\  e  a    U'u    pri 


the  |i  'rmiila- 


lileiiis    illiistraiin-    iju-    use 


duel 


(  1.  )    A    w  iiet'l  I  if    144  teeth  ll 


ri\es  (iiic  111    ij  teeth.  1  >\\  a  shaft 


I    mai\es   line    re\i  ilntii  m    in    ij    see 


v\  ink'   a    si'ei  uid 


hall 


iiri\eit  liy  it  makes  a  revdlntinti  in  3  sees.  On  the  latter  shaft 
Is  a  40  in.  jiiillev  emiiK-eted  hy  a  ernssed  Kelt  with  a  I -•  in.  piille\  . 
this  latter  i-nlley  ni.ikin-  _■  re\s..  wldU-  mie  •.;eared  tn  it  makes 
,^  re\s,  .•<]i,ivv  tliat  iln'  ratin  nf  tlie  train  is  14;,  and  that  the  llrsi 
and  last    w  heeU  mni   in   tlie  sam 


are  nsei 


e  sense   w  Here  tin  annniar  "ear- 


1.^ 
2M) 


-•  '    It   Is  reijiineil  In  an-an^c  a  train  nf  i;i'ars  ;^i\iii;.   a  ratn 


Keinemlierin-  that  A' 


prndnet   1  if  ti'eth   in   dr'\  er- 
prndnet  iif  tet't'i  in  driven  wheel- 


we   ini-lii    Use   direetly   a   L;ear  n\    j^o  teeth   tn   i\v\\  ^-  a    iiininii   i>i 

p  the  ratin 
4f) 


I.;  teeth:  lint   if  tills  ..car  is  \,„,  lar; 


ma\-  Iireak  ini  tl 


A'  tl 


A' 


2.=iO 
1.^ 


10 


1,? 


I'..    /. 


Ml      /,     ~     ()0,       /.,      :  IJ.        /,,  _>(1,         t. 

i;i\iiiL;    L:e;ir-   witlmiit    lar^e   nuiiiliers   ,if   teetl 
hetweeii  centres  ai'e  ^i\en.  then   w  i    must   eiti 


4  l.< 

4(1.   anil  t .  \  i,. 

\i    tin'    dist.mees 
ler  arraiiL;e  the  dia- 


nietr;il  iiitcli  t..  suit,  nr  we  iniist   seleet  sniiie  .if  tile  lar-e  iinnili 


1    ntl 


ler  \  allies  n|   /,,     /,.  et 


e..  w  liieh  will  lit  the  al)n\ 


,1'  e;ist- 


lie 


i\e    snhit 


ll  III   l;i\  es  SIX   '.\  liee 


Is.      1, 


lit   w  I'  miL;lil   iisi-  en,du  .  ir  Imir 


1.^' 


desiijn  ;i   train  nl  ijears  whieh   wniil 


-nil;ilile  Inr 


e.  iimertiiiL;  the  st'eniid  hand  nf  a  wateh  tn  ihe  Imnr  hatul.      Men 


A" 


-'().  and  the  last   wheel  must  turn  in  the  same  sense  ,is  the 


first    niie.   and    heiiee    the    numlier   ui  eniitaets    milsi    he    e\eii.    re- 
ipiirin--  4  nr  .^  nr    u.  ete..  wliei'Is  in  the  train.      .\s  ln^f.  ne.  main 


hitiniis  are  p.  issihle.  thii^ 


"20 


4       4 


4S 


14 


10 


lO.s 
12 


l< 


■20 
1 


1 


1. 


6(t 
10 


1,^ 


60 
12 


\\i;Ii  ,"<  wheels,      '["he  snluti. mniay  :dsn  he  wnrkcci  f.  .r    12    wheels    if 
.lesired. 

.4'     '  ii>-'   ii.iiii  .iJ    '^eais   ini"  e.  Miiieeliiii^    llie   iiiiimle  .iiiu   ihnii 


liaiiiU   <i\ 


TK  \i\s  oi"  c.i:  \Ki\i; 


k    i^    n(|Uiif<l.       Ihtf    llir    tr;iiii    i^    rc\  <  iti'l    will: 


1  _',  aiKl  \M'  mu^i   li,i>i'  .III  i\i'ii  iinmlH'r  ol  ciMitail- 


that 


\vi'  >hall  >t'lci't  h  111!'  w  Ii 
ratio,  w  t'  inu>t  liav  r  r, 


111  ail<liliiiii  ti>  iiliiainiii'^  ilic  iloiri'il 
/■,,     •      /■ ,.  aiiil   il   all   '111-   w  Ju-cU 


ia\  I'  till'  ^anu-  piu '1 


I. 


I . 


.\  n  W  ,   A' 


12 
I 


t        1 


4.S 
12 


1; 


lIlU'    the    illUV- 


iiu'iliatc  --hati  wmild  liavf  llic  ^^lar^  willi  12  and  4.S  tn-ili.  wliilr  ilic 
.jS  iiMitlu'il  wluil  W'uld  !)<■  rMiiiK'ili'd  tu  ilu'  iKuir  iiaiid.  and  tlii' 
I  ;-t<Hitlii'd  wlu-fl  iM  ilu'  iiiiiiuu-  hand. 


Till-:   SI  i<i:\\  -I  I  rriM.    i,,\i  in-. 


MmnI    latlu-s   arc   arranutd    t'l  u'    ilu'   rninnL:    <<{    iliri-ad-    I'li    a 


puTt'  III    wiirl 
tin'  ininripK-- 


Mid    a-    tlir-r    lurni    an    inti-rc^t  uii;    a|i)ilu-at  ii 'ti    •>\ 
-  alri-adv   di,--i'rili>.-d.  w  r  ^liall  n-i-  il  a~  an  i!hi-trai  ii  in. 


IIk'  m'lK'ral  arraiim'i 


ni-nl   111'  tin-  iK-ad-tm-k  ■  il' 


a  latlK    1- 


lii  i\\  II  111 


■\ii.  J  I. 


:i ,  111  w  iiu'ii 
■iiIU-    ('   i>   l-i 


\hv  II 


I.  ar  i~  I  iniitii-d  !•  i  a\  ■  lul  ii  ini]iii(.'ai  ii  n 


•tid  I'\    licit  til  t 


u-  M  lurci.-  Ill   III  i\\  vv.  and   i~ 


'iiri'(l  til  till'  -iniid 


S,   \\ 


liirh  larrif-'  llu'  li\c  i-fiitr',-  and  ai^i 


llie  fliiu-k  I'nr  drixinii  the  wmk.  ->  i  that  ,V  turn-  ai   ilu-  ^anu-  latr 


a-  (  .      I . 
1 1]■^■  idler 


the  t.nd 


i|  .N   1-  a  L;i-ar 


(■,  w  lurli  (iru  !.■-  a 


L^i-ar 


ir  t  w  1 1  ink' 


r-  /  ai. 


tlu- 


haii  w  liirli  rami' 


/(  tl 
//  a 


irmmli 


I  uoar  :.  wliii'li  i-~  kcxt-ii  in  it.  and  niii-i  turn  wiili  llu-  -liait  at  nu- 
-aiiu-  -iH-rd  a-  /(.  Tin-  ;4car  /  nic-~lu'-  w  itli  a  iiiiiinii  (/  nn  a  ^cparale 
diall.  till--  ]i:niiin  Ikiiil'  al-'i  lii^idK  iniiiucu-d  t'l  arid  ri-\'-!\ii'^ 
i\itlt  "oar  /'.  wliicli  i.iltir  ■^(■ar  nu^lic-  wuli  tin-  w  liccl  J.  wliii  li  i~ 


ki  \  fd  til  til 


(.'   kadiiiL,   ^ciTW 


/..    r 


111-  tlu-   -pindli 


1-    '^O 


ami   li 


llu-   loadiiiii   -crow    /,   tlir- -ludi   llu-    wlurl-  i".   /.   ^.  /'.    i.  o.  r.   j. 
liu'li   tlu-   lirst    li'in    air   ]  le-inaiu  nt.   ami    tin    iailcr   imir    ma\ 
liaii'cd  til  suit  ci  nrliti' ai-.  .and  arr  rallnl  ,'luiii'^r  :^Ciirs. 


Miu  II  WKs  1)1-   \i  \nii\i:in- 


'I'lif  work  is  iiii;i(licc|  IkIuicii  itu  diiin  mi  s  and  :li<-  ciiiin' 
on  till'  tail  stock,  aii<!  is  aliaitii<l  to  >  s(,  thai  ii  n.tati^  wth  it 
llir  Iiailm^'  screw  /.  pa-^scs  ilir  ti^li  a  mit  m  ih,  rarria^c  carrsinn 
till'  cuttinj,'  tool,  and  it  will  ln'  evident  t  hal  tnr  i;i\ en  Kcarvi.n  1.  ii.h.  j 
a  (lelinite  lunnhcr  of  turns  ot'  >  c.irrespoitd  to  a  d<tiinte  innnlxr  nl 
iiirns  of  /.,  and  lience  lu  a  certain  horizontal  tra\<  1  ol  the  <  arriai;e 
and  (uttiti)^  tool  Suppose  now  thai  wc  wiOi  to  mi  a  screw  on  the 
work  ha\in^;  \  threads  per  inch  the  nunilMr  m|  threads  pir  nidi 
/  on  the  leadiiiK  m  rew  hciuK'  Kiv<ii.  then  it  uill  he  clear  that  while 
the  tool  travels  (mic  inch  lionxontall\-  corresp(i',din^  i,,  /  mrns  t,i 
the  leading,'  screw  /.,  the  Work  must  re\-.il\e  s  times,  i.r  it'  u,  rcprcM-ntv 
the  re\s    per  mill    .  ,|'  the  work  and  ;,„  ,,|   ih<-  1.  adiiiK  screw    w.'   have 

/<  ".  '  ±  ■'.  '-  '^  I, 

"'  '  '.  ',      ■      '.  /.  /, 

where  t,.  /,,  /,,  /,  /,.  and  /  are  the  tcdh  in  the  wheels, •,  /;.  1. ,,,  /,aiid  2 
respect  i\el\,  the  idliTs  /and  c  ha\in);  no  elTect  on  the  velocity  ratio, 
and  we  ari'  eonsi(Ierin>,'  the  eomnion  easi>  where  /  /,  If,  further! 
I,  and  S  turn  in  the  same  sense  the  thread  cut  on  the  work  will  he 
n^jhl  IkukI,  that  on  tlu'  leailin^;  sen^w  hem-  riKhl  hand,  ami  vice- 
versa 

The  idlers  /  and  c  are  provi<led  to  I'aeilii.-ite  this  matter,  and  if 
a  riKlit  hand  thread  is  to  lie  ciu,  the  haixlle  iii  earrviiiK  thea.\es.)f  / 
and  ^'  IS  moved  so  that  >;  alone  connects  c  ami  //,  wliile.  if  a  left  hand 
thread  IS  to  he  cut  the  handle  is  depres.sed  so  that  /  meshes  with  . 
and  t;  with  /;      Thi'  ti^ure  shows  the  .settuiK  for  a  HkIu  hand  thread. 

An  ilhisiration  will  show  the  method  of  settin;^  the  ^c'lrs  to  do 
a  ;,'i\-en  i>iece  of  work.  Suppose  that  a  lathe  has  a  leading  screw 
cut  with  4  threads  per  inch,  and  thi'  chant;e  ^,'cars  !i;,\-e  respect i\-cl\' 
20.  40.  45.  50.  55.  00.  65,  70.  75.  XO  and  1 15  teith 

(1)    hisreciuircd   to  cut    a   ri^'ht    hand   scriw    with    20   threads 

/,  t.  4 

'  /,  20  5 

This  ratio  ma\-   he   satislled   i>\-   usin^'   thi'   I'ollowinj.;   ^car-    .'  '0 

'■       .^^^-  ''.        -•*'  '""l  ':        W»         "iilv  the  one  idler  i;  w.nild  he  usvd 
to  <^\\v  the  ri^lu  hand  ihri-ad 

(2i   To  cut  a  standard  thread  on  a  2   in.  ^as  pipi>  in  the  lathe 
Ihc   proper  mmilier  of  thread- here  would  he  Hi  n<T  in    .and  lu'iicc 

'   -==  ^-   '         "•:   •■""•     /         /■-  ,j,  jY    Here  w(    cnul.l  make 

"  ''.        40aml  /,        115.  if  wemade  ,,    '  Z,  or  lepLi,  ed  hoi  h  h\  an  idler, 
I.?)    If  wi-  rc(|uircd    to  cut    100  threads   per  inch    then     /        4 
too        ,','-41 
'""'"'"     /      •     I  jiK)  ,-    .  and  vemavdi\id,thi-ituo 

twnpurts,  thus.  ^.  ^      .     ^  ,  .  soth.-u  ifwemake  .',        20.,',        ,S0, 

.'.         75,  we  sliotild  ha\-e  to  have  an  extra  Kear  of  12  tec'h  to    take 
the  pl.-ice  (,f  /,,  a-  /,,         12. 


per  inch       We  ha\e 


Thus 


when-  /        4  and  ,•.  is  to  he  20, 
1 
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33 


i 


'I'hc  axit'  liolilinj;  the  ^jcar^  .;  ami  /'  ina>  lie  cliaii;;!!!  in  |iM.jtiini 
^'1  ttiat  111  iiiakr  itusr  KiMfs  I'll  ill  all  raM  li.ivvrtii  1  ami  2  Vhv 
ililail-  III  llif  imiln.il  (i|  lining;  tin  .  art'  i.niiucil  in  ilic  .jrawiiu; 

W'licii  ih|i|  uuiiiImts  nt  ihfi.  !s  arc  Ici  Iji  lui  varimi-.  aniline 
ai(  rc-M.rti'il  tn.  Ni.niriiim's  miK-  a|ipiM\'ina' ;- ms  Inin^'  ctniili  i\ii|, 
lor  cx.iinplr,  till  mimlirr  nf  ihrcaiK  |nr  :ii(li  rutiiimiiiiv  usnl  uti  a 
1;  ill.  .'-'/'^  !'i|"'  I-'  Hi,  lull  iici  s,Ti".  ■  imuldi-  uutil.l  <ir(liiiarilv 
risiill  il  we  hail  III  cut  it  in  a  lailii'  in  which  the  nearest  nui.ilici  nl' 
I  lire  Ills  umilil  lie  11  I  |icr  in  There  arc  i  ascs,  hnwever.  in  which 

certain  exaci    ihrcailN   ■  if    \-er\    mjil    pilches   niusi    lie   e\it,    ami    niie 
cxani|i'c  will   lie  KlVeii   Id  :,hi)W    hi  iW    such  a  case  ina>    lie  suheil 

Let    it    lie    rei|Ul|-eil    I'l   clil    a    screw    will)    an    exaci    pilch    nl    nlle 
irulliineier,   ihc  liailin-   screw  nn   the  lallu'  haxiiiK  .^  I  hreaiis  per  in 
I  1  nnn,         .().W,U(t,S  in  i       This  is  wi  irked  uul  1)\   a  -erics  nl  appmxi- 
iiialidiis  li\    ilu    inethuil  nt   ciinlimu'il  fraciiuns,   the  exact    \alue  nl 
1  1  1 

'i'lic    lirsi    aiiprnxmiatinii    i,   S.    I  he  real  k  aluc  lienii;  .•(      "'.'*. 

-    .      tlu'     real     \alue     liellli; 


/\'  Inr  the  case  I  c 


The  secnnil  apprnxnnalinti  is    A 


A 


I 
V)MS 


6,S,S70 

ami  prnceeilin^  in  this  wav  we  liml  ilu'  ihinl,  Inurih,  lii'ih,    ixth.  etc 
aiiprnxuuaiinns,  the  sixth  iK'iiij^' 

.  ,  .7  127 


MUs  the  si  Mil  apprnxmialinn  >,n\-i 
1 


1  T  r 

1 

Ml 

'"   i< 

41) 

4t» 


40 


r  N 
.V174'J4  while 


4(1 

127 
127 
40 


is  wnrtln-  nl'  nnte   I  hai  .  „  ,_ 

S  .0,WS7().s 

.il7.^i  sn  that   tin-  -•  fe\'.-  cnuM  lie  cut  will)  j^rcal  exai  tne>sl)\  the  use 

.    ,  ,      40    , 

III  tin-  raitii  liciwci'ii  'he  wnrk  ami  leaihiiL,'  screw. 

12/ 

.\laii\-  pfiililcins  (,!'  similar  n.iturc  nci  ur  in  practice',  al!  nt'  which 
may  !  le  -i  il\ cil  hy  this  -net  In  nl 

1 1  iinlnii:  t.h'lli  ci'icx  ha\e  imw  almnst  ilisappearcil,  hut  were 
;nni!erly  much  u>eii  hy  millwri.i,'lns  whn  thnuclu  that  ninre  e\-enncsN 
nt  wear  rc'sultcil  when  a  civcn  pair  nl'  teeth  in  twn  ^cars  came  in 
cnntaei  the  li'asl  niimhcr  nl'  times.  Suppnse  we  hail  a  \elneit\- 
ralin  /\  1  ami  a  |iair  nl'  j.;i-ars  hail  SO  teeth  each.  •  lu'ii  a  '^\vv\\  Innili 
mi  line  ,i.;car  wmuM  cnme  in  cniitact  with  the  same  tnnth  nr  the  ntlicr 
;.a'ar  .at  each  re\nlutinn.  hut  M'  wc  place  SI  teeth  in  nnc  ;;ear.  leaxinj.; 

SI         


;  i  1  *■■  w  M  «, ;  i I ,  li  1 1 ■  i i  i  i n ■  i  a '  i <  >  i\' 


so 


w  liU'ii  iliiicrs  \erv  ^iltie 


•U 


Ml'A'IIAMCS    Oi-     M.\^,•|II\1'.K^'. 


t'nnn  tlu'  \-l:uu'(U-,iri'<l,  init  a  ^ixcii  iimili  .m  oiu'jicar  will  duly  omu'  in 
CMtUacl  with  a  certain  tonlli  (Mi  the  otluT  wIn'U  nnc  of  ilic  \v!u-i.'i--  ha 
ina(l(-  SO  ri'xs.  and  thrntluT  SI  has.     Tlii^niay  luTninparcd  witli  ilu' 
case  wluTc  !lu'  numhcrs  of  tri'lli  arr  1  _'  ami  l.v 

I'^l'KM  Lie   (ji;.\kiNf. 

.\n  t'liiiNclii-  train  (if  >^v:n->-  tias  ahx'ady  Ini'ii  (l(.-tiiK'(l  as  otic 
in  wliicii  <iin>  in'  ihc  wheels  is  held  stationary  and  al  least  one  other 
giar  revolves  aliont  il,  the  frame  carryiti)^  the  rcxolvint;  j^car  must 
also  rex'oh.t'.  The  train  is  called  epii-xc'lic  hecause  a  poiiii  oil  the 
revol\ln.i,'  ^;ear  descrihes  epieyclie  curves.  Tliis  arranKemeiU  is  m 
viT\-  common  use  ^\hcre  a  \-er\-  low  \-eIocit\-  ratio  is  to  he  oi)taiiH-(l 

1 
wi.lioiit   an  uiidiil}   lar^e  numlier  o!  ^;ears;  tins  a  ratio  ot       |, ,(,(,() 

niav  readih-  he  ohtaiiicd  hy   !  he  use  of  lour  j^'cars,  the  largest    one 


!ia\ini;  "nIv  1"^  teeth,  'i'lic  trai  i  ma\  have  inaiiv  or  few  whet  Is, 
hut  it  itsuallv  contains  not  o\er  tour.  We  shalj  start  with  the 
simplest  case  of  two  whet  1<, 

In  I'iL,'.  11  let  1  and  1  repri-^cnl  j.'.var  wheels  of  raiji;  ;,  and  /'., 
and  teeth  /,  anil  /,  rc^pectixa  .'■,  /•  hcini;  th.e  fraiiU'  which  is  attached 
h\-  a  oin  hca-in.i;  to  hcith  wheels.      Now  if  we  hold  !  he  frame  Nia'.icin- 

ar\-  the  ratio  ,,\  the  tram  would  lie  l\  '  ^'   ,  :ind  'sne-ativc 

;    c  .  the  first  and  last  whecN  turn  ui  ojipo'-ite  sen-ve.      [i  now  we  lix 
the  wheel   1    ~o   thai    it   cannot   re\-oI\e,  and   turn   the  fr.ame   /■    ahoul 
the  pin  couneciion  lol.  we  would  have  the  yi-ar  1  rcxuhni'.:  ahou' 
ii^   liea.rini;   o"    the    frame   and    the    irain    would    he     ailed  cp'ie'ccli 
and  the  ratio,  /•',  of  the  irain  would  he  llic  niiniher  of    turns    "f    U 
last  wheel  2,  !  '  i~  turn  of  t  he  frame  /•'.      Ti  <  llnd  .'■.  we  ina\'  lir--:  a -sun 
llial    the    frami     and    hoih    wluel-    are    rij^'idix-    conneclcd    ioeelh( 


TRAINS    Ol'    C.i:  \kl\C, 


^5 


ikr  Diu' >nli(l  li'idw  ihcn  turn  the  wh.ik-  iiiarhiiu'  .ilinut  ilic  axis 
l.ftwi'cn  /•  ami  1.  that  is,  whci'l  1  j^'cls  our  rc'\nlutii  m  as  dn  also  tlii' 
iVainc  /•'  anil  wlui'l  2.  Miit  in  the  opi-niiion  the  uKrcl  1  is  to  n  main 
at  rest,  we  tlicri 'fore  n\()l\-c  it  /'((/>■  one  rc\-olution  without  dislurli- 
in^^thc  frame,  ami  ilurin;.'  this  opcnition  the  whcrl  1  \urns  Jora'ard 
l\  |-i'\'olutions  iHH'aiise  t'^:        .-'u'cls  U'\ol\c'  in  the  opposite  sense 

Duriiij^'  the  eoir  ';  -i  ir,  .•;..(:  .-ilioxc  ileseriheil,  the  I'rame  has 
rexdhi'd  i,nv  rexoiut  ';:.  li'.e  f;''-:  'Ik  •]  has  i\\il\-ed  one  !-e\o!utioii 
ami  then  h.aek  aj^'ait  '.  t'l.  ne'  r 'snll  is  that  it  has  not  nio\ed 
at    all    while   the   last       ■).  ■  :    h:  :     'ui'iii'    1  /\'   re\-ohlti>  ms,   so   that 

the  ratio  ol' the  train /■  1     ■    A'.      It"  tln' train  had  t  iirce 

\\h,ee]s  or  if  the  ntnnlier  of  eonlaeis  ln'tweeii  the  toothed  wheels 
were  e\-en  t  hen  /\  wi  >uld  !  le  posit  i\'e  and  th<-  ratio  would  he  /•.'  1  /\'. 
In  fael  this  latter  formula  is  the  t^'eneral  one  and  /\  is  posiiixe  or 
ne,L^ati\e  aeeordini;  to  wh.etlu'r  the  last  wheel  in  the  train  would 
revoke  in  the  same  or  opposite  si'iise  of  ihi'  lirst  whei'l  if  the  frame 
Were   llxi'd. 

The  following  method  for  olitainiiiL;  /■-  ma\-  appt'al  to  some, 
the  ratio  /\  heini;  here  laktii  as  i)ositi\-e.  i.  i\.  the  mmiherof  eontaets 
are  lA'en.  Let  us  lirst  as>imie  that  th.e  frami'  is  fixed  and  all  wh.eels 
re\i>l\e  a>  in  the  ordinarv  tram,  then  we  ma\'  set  ilown  tln'  results 
a>    foiio\\-s; 


"rame  fixed. 

1  ri'W  added  toe: 

Turns  made  1)\-  frame 

0        1 
First  wlu-el  turns  1 
I.ast  whei'l  iurn>       A' 

I  h  par;. 

'runt-  mai 
I-'irsi    whet 

\.A>\   wheel 

e  hy  frame       0  re\s. 
1    turneil    throu^'h    1 

nuist  turn        /\'re\s. 

1    rev 

()re\<. 
1  n.\s. 

That    is  after  the  last   operation   tin-  lirst    wheel   has  lieeii  return<-d 
to  it>  position  of  re-;t.   the  frame  has  made  -      1    re\',     and  the  last 

wheel   A         1   re\--  ,  or  :  lu'  ratio  /•.'  1  A. 

A  tew  examples  will  illustrate  the  I'ase. 

1.  Let  the  frann'  ha\e  a  wheel  1  with  6(1  teeth,  ati  idler  and  a 
wheel  2  with  5*^  teeth  to  find  t lu'  ratio  of  the  train  when  wheel  1 
is  tixed. 

Here  A  ''  ^;;        I        1       R       1  ^'1  }„ 

or  thi' wh.eil  2  will  rex'olvi' in  oi)i)osite  S(.'nse   to  the    frame    and    at    . 


-;peed. 


59 
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If  wheel  2had  heenfixt'd  A         -      ■,..     ..A'       1 

or  ihi'  whei'l  1  would  turn  in  the  .--ame  sense  to  the  frame   and  at 
of  tlu'  SI  ;eed. 


5<; 

59  1 

60  '     60 
1 

60 
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-'.      Design  an  riMcyclc  train  -iviiiK  a  rali..  ,,(         '  Uic  lasi 

whcv]  U>  turn  in  ihv  same  sense  as  the  I'ranu'       Here  /•'  ^ 

1         /'■,•.  1  ,  l'W(M) 

1         /v  H  tliert' are  an  even  niiniher  (4  (-ontaels.      I  lence /\    -    1    - 

-  r  1         ^     W 1        1     \      '''*'*        101 

KKMKJ  V  10(1    J  \  Kin     I         10,,     "^      j,j,)    so  that 


shat     1  K)  (Kears  w,ih  thi.  Iix.m!  v.heel  i  an<l   101   ami  the  last  u-heel 
would  have  KM)  ti'c^th. 

In  i.raetiee   -ueh  a  train  eould  he  readily  reverted  heeause  the 


Fig.  23. 

duunetcrs  of  all  ^cars  .•nul.l  he  made  e,,ual  uithour  serioush-  afteeling 

ig.  2?  ulueh  shows  a  ,.ra<t,ral  tonn  of  the  drive,  the  hell  wheel 
han^-  the  Irame  an<l  n,nnni«  10000  ,i„u.s  as  fast  as  the  slow  speed 
shaft.  Ihe  pulley  A  ,s  a  running  (it  ,,n  thc>  shaft  />'  which  shaft 
IS  keyed  tn  the  supix.rt  ( '  an.l  also  to  the  ^ear  with  W  teeth  The 
gears  at-e  loose  ,..,  the  pins  />.  while  thc^  100  loothe.i  gear  is  keved 
to  the  slow  spei I !  shaft.  im.mu 

,?,  'I'll'' ^Veston  triplex  i.ullev!,lMekcontainsa  further  exaninleot 
the  epiexehe  tram,  an.l  lor  the  sak.'  .,'  stmplieitv  <nilv  the  essential 
parts  are  illtjstra.ed  in  Fig.  24.  The  frame  /;  c-ontains  he^S^ 
which  carrv  the  hoist, „^  spn.cket  wheel  F  and  lo  the  eastin.,  earrvitv.r 


TRAINS   Ol"   CI-  \kl\C.. 


,V 


Uic  lioisiini'  iinickci  arc  axlrs  each  carrvin;'  a  jiair  of  tdnipoiinil 
^'cars  //( '  tl  smaller  one  ('  (if  whicli  t^'cars  with  an  annular  wlirr 
miiilv  as  i)ari  of  the  frame  /'  whik'  the  uilicr  and  larj^'er  f.'car  ol  the 
jiair  nifshescs  wilh  a  pinicm  .1  attached  to  liie  end  of  ihe  shaft  5 
carrying'  the  hand  chain  sprocket  //.  When  a  workman  pulls  on 
the  hand  chain  he  rcxolvescorresjiondinj^'Iy  ihesprockel /•'ami  hence 
the  innion  .1  on  the  end  of  the  shaft  which  in  turn  sets  the  i-ompound 
^'cars  Hi'  in  motion.  As  oiu'  of  thi'  compound  '^vurs  C  meshes 
wilh  the  annular  wheel  in  the  frame,  the-  latti'r  wheel  l)ein}^  stationary, 
the  only  ]iossihIc  action  is  for  the  axks  of  the  compound 
incurs  to  rcNolvc  in  a  ciirlc  I'arryinj,'  the  hoistin>;  sprocket  with  them. 


In  a  one  ton  Weston  tripl-x  hlock  tiic  annular  >;i'ar  on  the  frame 
has  49  teeth,  while  th-  two  K'-'-'irs.  />'  and  ('  have  resi)ectivelv  M 
icclh  and  12  tivth  there  tjcinj;  1-^  teetli  in  theinnion  A  on  the  hand 
wheel  shaft.  The  hoislinK  wheel  is  M,  in  diam,.  while  tlic  hand 
wheel  is  4'.,  in.  diam.,  to  find  the  pull  oti  the  h.and  ch'  in  to  lift  one 
ton,  ne^'leclini;  fricticii. 

I       ,  •  ,,  ^^         -^1 

In  this  case   l\  j  )     ■     j  (  '^■'■''  ■'"'•  '^  nei,'ative  as  one  of 

the  wheels  is  annular      Hence  A"        1         A'        1-    i       y.7,^        10. 7,^ 

^■o  tli.ii    tin,.  i,.,,,,i   ,,.i,,...i   . — „..   in"-?  , ■     ''    ■-       -  •"  •  '       ■      .     '.  '  ' 

,■!.•■,    >■:;•.■.!   '.1.1:1:.-    iU.,,>  U'-.r.   :u!    wiic  ;c\.   o;    ;  nc  n,  i.-;tiTl^ 


.v< 
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wheel.   .■111(1    iieiice   lor  each    I'm,,!    ihe  Idail   i-   lifie<i   the   hand   chain 
imi.st    hem,. -.c.l  1(1.7.^    .  .U  2  h       u,-  -he  pull  <hi  the  ha!i,l 


chain  in  Itl'l  oik  tnn.  ui  <,;lect  iiiv,  lVi<tinn  wc  mhl  lie 


iOOll 
•i.vi 


60  iHU 


(Xnle      In  the  actual  ease  iVietinn  wmil,!  raise  iln>  pri ''ia1il\-  [>>  SO 
p(itiii(]s  (ir  iiKin) 

4,  A  li.nti  (if  iiKii.ir  drncn  pdrtalile  drill  is  slidwn  at  Vv^.  25 
in  which  the  {.'ears  are  worki'.i  n]\  this  princiide.  Here.  aKain.'iinly 
Ihi'  han-l  (.iitlines  arse  ,-,h(iwn  a>  the  actual  ci  m-iriici  idii  is  rathi'r 
(■implicated,  the  iiiaehinc  is  \-cr\  well  made  and  li' i  cd  with  'lall 
liearinu's  thfdU.i^hdUt  instead  d|'  the  plain  hearin--  shown.  'I'lie 
tddl  is  calleil  the  Duniley  drill  and  i<  made  li\  the  ( 'hica;.;d  I'neitmatie 
I  di  il   ( "d. 

The  (uiicr  casing  "(  the  machiiu  ,    Vvj,    25     \>  held   -hationary 


A-- 


Motor 


^ 


-A 


Or\\\     HoSdcr 


by  the  twii  handle-,  shown  and  cdniains  two  moiors  driven  1  y 
eurreiii  IiroU};!)!  in  thmu-h  (ine  ot'  the  handles,  hLach  ot  llie  motors 
has  a  pinion  ('  attachi'd  to  it  which  meshes  with  the  lar^'cT  ,t,'ear /> 
of  a_  pair  (if  cdmpdimd  ,t,'ears  which  latter  rotate  freelv  (in  a  central 
shaft  as  uidieated.  The  smaller  )iVAV  of  the  pair  meshes  with  two 
Kcars  I-:  carried  du  a.\k's  dii  wltich  they  run  freelv  uidunted  im  ihe 
i)itic'  /  >li,,un  Mack  in  the  hj;i;re,  this  latter  jiieee  caiTxiu}.;  {hv 
.socket  ir  lite  drill  which  is  to  he  dn\-eii.  'J'hc  two  ^^viw^  alsouiesh 
\>.th  an  annular  wheel  H,  foniiin-  part  of  the  frame  and  thus  remain- 
111K  stalionai-_\-  whether  the  motors  run  or  not.  When  the  motors 
arc  .iriwi,  ;!,,■  (diupduiHi  -.^ear  is  driven  ii\-  liic  inniou  attached  to 
each  motor  the  compound  -c.ir  drives  i\n-  ;.car  .'■.  !n^i  heiKe  the  pari 
shown    ill   hlaek  is  causi'd   io  rotate. 


(^11  Al^TICR  IV. 

GOVERNORS 

In  all  prinu'  iiv)\-(.ts,  which  we  will  hricllx-  call  cn-jiius, 
tlicTf  imist  he  a  I'nnliiuial  halancc  he!  ween  the  i'ii(Tj:y  su|)iilirc!  in 
tlu'  (.■n^^iiU'  !)>•  the  working'  Ihiid  and  thf  riu'rj,'y  (IcliNrnd  liy  the 
machine  tn  some  oihcr  which  it  i<  (lri\iii>,;.  (•.!,■  a  (Knamu,  latlii', 
I'tc.,  allowance  lieinL;  made  for  the  i'riclion  of  Jie  ])rimc  mo\-cr. 
Tluis,  if  the  ener,L;y  deli viTcd  liy  the  x'drkiiiL^  tliiid  (steam,  water  or  i;as) 
in  a  ^'i\-en  linic  exceeds  the  smn  of  the  enerj^ics  delixcrcd  to  the 
d\-namo  and  the  friction  of  the  engine,  then  there  will  he  some 
i'ner<,'y  U'li  to  accelerate  the  latlcT,  and  it  will  l;o  on  inereasiiiL;  in 
s]H>ed,  the  friction  alscj  increasing'  till  a  balance  is  rea<'hcd  or  the 
machine  is  destro\'ed.  The  opposite  re>nlt  hap]iens  if  the  enerj,'\ 
cominjj;  in  is  insuflicient .  the  resuh  heinj,;  that  the  mai-liuic  will 
decrease  in  spcei]  and  n'a\'  e\'entnall\'  >iop. 

In  all  cases  in  actual  practice,  the  ontpnt  of  ati  ent,'ini  is  con- 
tinually \ar\-inL;  liccauseif  a  d\-namoi-,  liein;;  (lri\-en  1)\-  i*  tor  Ii,i.:h' in.; 
purposes  the  num'ier  of  li^lits  in.  u-e  varies  from  time  to  time,  the 
same  is  true  if  the  ciii^ine  drix'cs  a  lathe  or  drill,  the  demaiHi-;  of 
lln'se  continualh'  clian,t;in;;. 

'!"he  output  thus  \-ar>in.L;  eer\-  free jucui  iw  the  enerj;\'  put  in 
hy  the  workins^  thud  must  he  varied  in  the  same  wa\'  if  i!ie  de-ired 
!>alani-e  is  to  he  maintained,  and  hence  if  the  priuH'  mo\er  is  to  nm 
at  constant  speed  .some  mean--  of  conlrollinL;  the  cneri^A'  admitted 
lo  it  duriui,'  a  j,;i\cn  time  must  he  proxidcd. 

X'arious  nu'thods  are  em])loyed,  sueli  as  adiustini;  the  wcii^l  of 
lluid  admitted,  adiuslin.i^  the  cncri^'y  admitted  per  pmnid  of  Ihiid, 
or  doin.L;  hoth  ol  these  at  one  time,  and  this  adjustmeu!  m;i\-  he 
made  h\'  hand  as  in  the  1( jcomotivc'  or  tiuiomohiK  ,  nv  it  ma\'  he 
automatic  as  in  I  he  ca.se  of  the  stationary'  en},;ine  or  the  w.iter  lurhine 
where  the  adjustment  is  mtidi'  h\-  a  contrivance  called  a  i:i<:\'ni.'r. 

A  ciixcrnor  nKi\-  thus  he  clelined  as  a  c!e\-ice  u^cd  in  onnection 
with  prime  movers  for  so  adiuslini;  the  c  r.c  rj,'y  .admitted  with  t!ie 
workin.u  fluid  that  the  speed  of  tlie  ])rime  ml^\^T  ".ill  he  c'onstant 
utider  .all  condi;io;is.  The  complete  ;,^'o\-ernor  con<i<ts  essciuialK-  of 
two  parts,  the  first  part  consisting;  of  ci'riain  masses  whic-l;  rotate  at 
a  speed  proportional  to  that  of  the  prime  movc-r.  and  the  second  part 
:i  eahc  or  similar  device  controlled  hv  the  i),arl  .alreade  dcscrihed 
am!  oocr;itin,L;  dircctl'v'  on  the  workin;.;  fluid 

It  is  not  the  intention  here  to  discuss  the  second  pari.  "V  wilec. 
hecausc'  this  takes  eai'ious  tonus,  according.,'  to  circumstances  .and 
lonns  a  suhjcct  of  study  hy  itself  for  each  L;i\-cn  case,  Sulilcc  it  to 
sa\'  that  this  deeiee  is  usualiy  made  to  act  in  one  of  the  lollowini,; 
ways : 

u;l  To  partr^-  cIosc>  oif  the  workin.i;  lluid  ai!d  thus  rvducc'  ihe 
weij,'ht  adniitteil  in  a  ^'iven  lime;    t',  t,',.  the  water  in  a  w.iter  lurhinc 

or  I  he  let;t_ri  h  c  ■!    ru\  1 1\\   iti  ;i.  s'l'jiiii  ei'l'ine. 

■J')   To  rechice  the  c^nerj^y  per  pound  of  woi-kini;  lluid  adnnt  ted 
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(r)   Variotis  ((niilHuations  of  the  ahovf  methods. 

Tlif  part  ni  the  Kovornor  whic-li  has  masses  rcvohini:  al  a  siwl 
pn.porl.onai  to  that  of  the  ..„«„„.  wil!  now  l,e  ronsi.km    m  ,1 '■  •  i 
and  f..r  eonvenuMuv  will  he  nferr,.,!  ,o  in   futt.re  as  the 
Une  ol  I  he  simjjlest  fonns  of  this  <h 
ally  in  eonni'elion  with  thi 
enj,'ine  is  shown  at    I'i^'.   26,       I; 


U'\iee, 


.^oxenior 
also  shown  <iiaKrammati(  - 
le  valve  as  required  for  a  ihroltlinK  steam 
"i^i'^t^     "'     I'l     \'!'rtieai     soindle 
.inven  Innn  the  enKi.te  shaft  at  a  speed   wh.eh  hears  ' 

to  iliai  ol  the  erank  shaft.     To  this 
hv  amis,  as  shown,  and  these  halls  are  ai'aii 
which    IS    free    to      ''  * 
ih-    iIm-,.,.i;„ I „::..,; : -.-i'-;u,e.      louussieeve 


halls. 


he    tiirotthiij.;    valve 


a   fixed  ratio 
are    attached 
.     Ill  conneeted  to  a  sleeve 
up    and    down    the  spi/idle.      To  thi-- 


or  vah-e  jjear  is  attae: 


led 


o\  siiitahle  meehan- 


Fig.  26. 


.s.n  sneh  as  that  mdieated  in  the  liuure.  Tlu'  a<iion  f;  evidentiv 
as  ,ollows:  assume  the  eiiKnu^  to  he  running  at  nonnal  speed  then  tl  e 
halls  wi  1  nuate  ,n  a  ,nen  plane  the  hei^nt  „f  whiel  w,  i  e  hx  S 
n  lie  resuhan  ,,1  Uie  eentntuKal  force  on  the  halls  ,he  weid  t 
he  atter  and  the  pull  produced  hy  thc^  collar.  If  now  ar  o  the 
oad  he  cuddenlv  thrown  off  the  engine  the  latter  will  ,.' J  to  p'vd 
"P.  the  ec.ntnlu^.,1  lorce  w,II  nicrease  and  tlu^  halls  will  rise,  liftitu! 

the  '-iinnlv  ot  sie.-im  iiniii    ii, ■'-'  -'uni 


the     coll 


ar    and    closni' 


lie  Mipply  ol  steam  uniil    the   c(iuilihri 


IS  aKain  ivstore.l.   hut   in  K.'nerar.he  halls  wil!  rotaf  in'      h   ! 
plane  than  hclore,      " •       -  iii<^!ur 


Let 


The  coin-erse  is  true  for  decrease  of  lo.id 
us   examine   the    prohlem    lirst   of  all    without    cnsi.lerinK 
the  checl  ol  Inctton  or  i  he  resistance  olleivd  hy    ih.e    sleeve.       Let 

ear:;  i;all  !;avc  aweiKiu     '\    and  rotate  m  a  <'irclc  of  radius ,  ft .      Fi^ 


COVF.RXORS 


4J 


27,   and   let    \hv  simikHc  n.iati'  with  aii-,'nlar  vi'luciiv    w  radius  per 
siro'id.       I':afh    hall    is  hdd  in  ('(juilihriinii  hy  thrrc' l'(;r(rs;  (oi  the 

attraction    ■>(    <;raviiy    ])aralk"l    to  thr  spindle  ol' amount 


} 


)ds 


'/')    the    cent.-ifuKal    fonr    artinj;    noniial    U>    the    sinndle    and    of 

amount    ^   ^   r  u>     pds  ,  (c)  the  rest  Itant  of  theso  two  forces  must    be 

in  ihc  direction  ,)f  the  ami. 

Now  if  we  take  /  to  rej (resent  length  of  the  ami,  and  /;  the  vertical 
height  from  the  ])lane  of  rotation  of  the  halls  to  the  jdace  where  the 
hall  anus  (or  the  amis  ])rodueed,  sec  fij,n:res)  intersect  the  ^jiindle 
the  following  relation  is  at  once  evident : 

«•  /;  t; 

or  /; 
U'  r  (I)- 

-    r   u>' 

or  the  heiiiht  h  xarics  in\ersely  as  the  scjuarc  of  the  angular  velocity 
and  is  indeijcndcnt  of  the  dimensions  of  the  parts  of  the  governor. 

An  examination  of  thijgovernor  will  .show  at  once  that  it  i)os.sesses 


•'S- 


certain  serious  defects:  di  That  from  iht'  \-er\  constniciion  of  the 
governor  a  chaiige  in  adiustment  of  the  collar" will  correspond  to  a 
change  in  the  height  h  and  hence  a  change  in  <•>.  a  condition  which 
it  i^  iiie  purpose  of  a  governor  to  prevent,  for  a  governor  is  designed 
essentially  to  keep  the  si)eed  constant  for  all  loads  on  the  engine,  and 


(-'I   Tiiat  fur  anv  rrasnnahlr  value  nf  .„,    /,  is  wn   M„a!I.     Thus  let 
tlu'spiiulleluniat  l_'Orc\s  [UTiiiiu 

radians  ne:  sec   ■■"•'    '■  ^ 


cc,  ami   /; 


\.,  then  0, 

-'  T          1 20 
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■  2i)M)    ft.     or 

4ir 
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a  .innrns,,.,,  u-h„-h  ,s  sn  sniall  as  1,.  W-  .iitlleult  to  w„rk  will,  in  pnu^ticv' 
I  iu-  l.rsi  .lolr.-t   ,s  ,k..scTilu-,i  i.y  sayitt^  that  the  i^uvern'.r  is  not 

'M'. /,/•,. „„„.v    the.  nieanuiK  of  isochronism  hriuK  that  the  spec f  the 

^.'ov.Tn,),-  u-,!l  not  vary  during'  the.  etUire  ran«e  of  travc.f  o'  the  eolh.r 
nr  m  n.Iur  uonis  the  valve  „f  ,],,  ,,,.„„,  „,av  !,e  niovc.l   to       v 

dl  '"h"  II  *'"  '""'i  ^""'  "•'   "^^'  ^"«"-  -'"  -"  at   the  sa™. 
e    ,       rl  '''■•""',''  '"■  '■'•^•"^>'"'^^«1   "'a^  i'"  isnehruni.su,   ha,l   no 

u  u    lerlMlanc.nK  .hsa.ivantaKes  it  woul.i  he  vvvv  .Ic'sirahle  and  we 
shall  see  iio\v  it  !na\-  he  aeeoTiipli.shed 

Fnmi  tlie  fonnula  .nl,       ^  ^  j.  evident   that  if  ,„  is  to   remain 


■!«■.    2S. 


<nnsia,u   the  heJKht  /,  nn,s.  also  remain  constant,  and  it  is  evident 
that   tlie  erosse<l  an,,  arranKemeni  sketehed  in   Fi,-    2S  will    under 

::r;,,':';;;'x;'',x''  "■"""™"»"">^ - .■«'-  ■■ 'i.!-," 

Inspection  of  the  figure  -ives  the  ix^latioi, 

li  nn^^  h  is  to  remain  constant  durin.i,'  variatioi^s  in  6  we  have 
('        —  /  sin  ti       a  cosee'  B 


JO 
or     a 
and  /; 


/  sill   6 
I  cos  ■  B 


I  sin   #        /;  tan   0 


tan   6 


Ccni'.KNOKS. 


4.^ 


i 


\.\       l-i  t   <"        10  raili;mK  prr ->rc,  i''7  ri'Vs   pii- iiiiii.  i,  «        .^0 

'I'licn  ,)  002  ft.     -   ./"4  in.,  and   /  ''  l->{  \[  5  <»_' i,, 

--111   h 

Tlir  \-ahu'  of /;  cDrrcspoiuliti.i^'  [nd  M)'  \s  Ml  I'l  .  ami  whrti 
thn)U)^'li  a  t-lian^'cd  luad  the  halls  um>\\-  ,,[\\  tjlj  0  hccniii.-^  ,VS  '  ihrti 
/;  heroines  M6  I'l,  a  deerea^i'  of  ah  vn  _"  ,',  and  tlv  change  in  spc;-d 
corresijoiidin},'  to  this  is  sli^hil\-  less  than  1'  ^. 

In  the  ease  of  the  j^'os^Tnor  witlioul  ihe  crossed  arms  taking 
<"  10  as  la-lore,  a  elian^e  of  H  fnini  .^0'  to  ,<.S  means  a  elianee 
in  s[n-ed  of  .V  ',  . 

It  has  heen  su^Ki'steil  liiat  a  ^^ovenior  of  tjii-j  i\|,e  could  he 
made  isochronous  for  a  lar^e  ran.i,'e  of  |)o>iiions,  proxided  the  centres 
of  ihchallsaremade  toniow-  so  that  tlie\-  always  lie  in  a  paraholoid 
of  revolution  which  has  the  spindle  t"or  its  axis,  an<l  it  ma\-  he  sluiwii 
thai  for  such  a  (k'sij,;n  ,';  and  tlu-refort-  <■>  will  he  ronstant  lor  all 
positions. 

The  defect  of  an  isochronous  ;,,'i  ixcrnor,  however,  is  that  it  will 
alter  its  position  enonnouslc  for  the  sli.i,'htcst  motnentarv  t-hanj,'e 
in  speed  of  the  engine  ami  the  halls  vvill  race  <iut  and  in  iiroducin;,' 
eorresjiondin^'  chaiiKi's  on  the  engine,  and  there  is  considerahk' 
hitntiug  I'or  the  correct  position,  /.c,  such  a  ,i.;o\-ernor  is  not  ^tahlc. 
The  condition  of  instahilit\  is  not  admissihie  in  practice  and  di-siv^n- 
ers  alwaxs  must  .sacritice  isoci.ronism  to  some  cxti-nt  to  the  \-er\' 
necessary  tealure  of  stahilitw  hecause  this  huntinj.,'  of  the  halls  lor 
their  final  position  means  that  the  \-alve  is  hi-ini,;  opened  and  closed 
loo  much  and  henc''  that  the  prime  mo\-er  is  chan^^'inj;  its  speed 
eonlinually  or  is  nji /«,i,'.  Rcvi-rtn;^' to  our  t)rij,'inal  example,  it  will 
ul  once  ai)pear  that  a  detinite  jxisition  of  the  halls  will  corres]K)nd 
lo  each  sjieed  hecause  for  each  psi  ilion  there  is  a  definite  value  of  /;, 
and  therefore  of  <■>. 

We  shall  next  consider  the  modilicalion  introduced  hv  .\lr. 
V.  T.  Porter,  which  isists  in  placinj,;  a  hea\\'  wei^'ht  on  tin-  collar 
or  slee\-e  of  the  j^'oxt-riior,  either  with  or  without  crossed  anns.  I'ij.;. 
29  shows  such  an  arran^'cment.  The  conditions  of  cciuilihrimn  are 
readily  solved  hy  the  ])horoj,'raph  considering'  DP  as  the  link  of 
reference,  thus  the  ima^'es  of  tj  and  /-"  are  as  shown,  and  h\  takini; 
tncinents  ahoul  ('  we  ^^^■{ 

.21  .sin  #    -      "      /   sin  H  "       a^  ...'■  /  cos  ^        1 1 

I  L  it,' 

I'rom  which  it    I'ollows  that 


ICx.   (liven  /        .75   {■• .    (<)  in.)   <-,         2(1   radians   per  cc.    (l')4 
n  \-.  per  mill.)     ?,■        S  Ihs.  ^        45'.  iz        ( '.  we  find /;        .  5,^  ft . 
and   hence   W        2.N  ;c        22.4  Ihs. 

T!.is   j.;o'.  e,  nor    possesses    the    followiiiL,'    important    ad\'ant;')j;es 
oxer  the  t\|ie  already  descrihed  : 

{o.)   Th*,'   lieiL'hl    li   max'    he   :id.ius.t{*'.l    to    suit    .'!n\'    iir; ::-.:  i^-iij-.ti-: 
re(iuired  in  jjraetice  merely  hy  altering  11'  lo  suit. 

(/')   The  variation  in  height  //  corresponding  to  a  given  change 


u 


Mi'A'ii.wus  oi-   \i  \c-ii[\i:k> 


-n;.':.r;i;':.i;';n;;:';;:r-'';''''''v-^r^''''" 

'on,U-iv/,;a  3,.; ,;;;::''/  ;'",fy''^''  -  '•'^"■''  kh.....,-  ,1,..,, 

^'MV..n,..r,s„,,,n.sniMnv.  .iKunlu.  (nnmro'u.^  '     '"^   ""^ 

'•"■l-tra,..,his,akc.as„nph.,nnv..,Khu..l   p.v.n,.,,-  ,„r  .  hu-I, 
llu'  rdaii.m  is/;  J      „r  j,-        /,  ,„ 

Hv  'lirUTciiiation  uv  ,.!)•;, in  Ihc  rcsuli 


2  0  «> 


or  llir  proiiuriiDiial  (•lrm"f  ill  l,,,;.,i,i  •    .     • 

"'"  <"-"W  n.  hciKliI  IS  twuv  tlu-  proponiunal  diant;,. 


Fif?-  20. 

in  ^s,Kv,l   and   an   inc-.vas,-  i„   il,,.  foniu- 
& 


latter. 

TIk'  ratio 


r  means  a  tlccrease   in   the 


ol    speed    corresponding    lo  the  cxtre- 


IS  called  the  .„„//,,,„,,,  ,vherc.  6  ,„  is  the  change 


.'tne    raiiKe    of    tra\-el    of    the 


slcvve  and  .  ,s  the  ,nean  angular  vcKk  u        X  ^-  1.    .""u    "',•''" 
Here  -'        ==      po  ^         ,    <»  "'  8  ... 


or  tor  this  ran,re  th,-  variation  of  speed  or  sensitiveness  i;;.4- 


(■,()\  I'.KNOKS 


45 


I- 


If     lllc     Wrlj^'hU 


il   )^(i\rriiiir 


1(1  a--   Ix'lnn  .    we   vet 

2  11         ;,  ,  rt/, 

-<     S6  .  .      , 

6...  (M),S 


Km    II 


00, 


1  11 


1  20 


akiiiK 


(K),S 


iir  ilic  -;('iisiti\-cnc>N  Iutc  is     t' ,  , 
■\ulriii  ihai  a.^  il  is  nut  pdssiliic  tn  pniihicr  r\aii  iMichnm- 


isni  in  a  {governor  it  will  ^x  viT\-  di'sirahlc  to  haw  il  as  si'tisitivu 
as  jiossihlc,  and  thus  dcerrasr  tht-  variation  in  speed. 

U-)  Since  tlie  sleeve  already  has  a  very  lieavv  weight  attached 
to  it.  therefore  the  governor  is  "less  efTected'  by  friction  of  the  sleeve 
oil  Wk-  >|.iiidle  or  Llie  puli  necessary  to  operate  the  valve  gear  and  have 
such  a  governor  is  said  to  he  pohcrjid.  Powerfulness  is  also  a  very 
desirable    feature,   for  it   is  well  known   in   practice   that   the  force 


"•■'■'-sarvt,H,|,.,,,l,;ilu  ^,,lv  •K-an,,,,,!  ,., 


"-i.nii  anil,  i  lunioiv  pp 


'H-Mnn  in  ,1,. : .'j; '  ;,;,';• ""  *"'''""^''  ""■''-  !"-'"'"-v,i  i.v  ,!„■  .„„- 

-  '"  v..rv  „va,  ^ah,..  „.  s,u,,vn„  p  un     r^''      |  '^  '••■"'••lUKal  „.nv 

'■'•    'liliiicl  l,v  111,,  lonmilii  ..,  '"         ■"  V 

2  ■^""'  ■■!'    •i">    failiu--  ilir 

irniriliii-a!  f. ,n c  (  '  "'     ,        ,,  i  •      , 

,    „         ,  <     "■'   ^^'"'••-••■.-lun.ialu,,.,!,,  „ni,.  ,,,,. 

l'".l^.-in.!;isinlt.,,„  i.,  ra,!,ans  p.r  scv 

''-;-innv„a!7/a    .:;::;;, ;;,^:'"'^'^^''' ''"'''--« '''^ 

"»  fij         <,>  -> 

as  th,.  halls  in.nv.nu.  '"'"'' ^1  """'^ ''"'' ^"''li -iHrd  numiscs 

haw  '  ■'"'"■     ^  ''"'"K  >  ilu'  sftisitivuncss,  wc 


.V 


:  iidw 


01       ((U       ^       |„     ) 


SlIU'l-    (.) 


(.<  »VII<\i  »I<S 


lllll  ( 


>\  ( 


1  ( 

r 


whiR- 


(     1      I  lir  < clllril'tl);.-!!   Iiin  I    rMiTc-.I"iiic|iiij;  t.i  I  he  tlliMtl  ^!ii'(  i|  'ii 

(  ■ 


A^am 


tail  ''  ,  ako 


(A  ,    C  IK\ 

,     am 
(h\  r  (K\ 


1  li'liii' 


1       r  laii  (t  laii  ^ 

1   <  ■  /.' 


]   U'V,"] 


'I'lii:-.  ctirxr  shows  that  an  incrra-r  in  ',  he  sialiili'  v  i  il"  ihc  i,'(i\-cni()r 
iiiraiis  a  ilnrcasc  in  Uic  sensitiveness.  !i'  at  an\'  part  n\  its  lent'th 
the  (  ■  curve  i,  raihal  tVnni  "  at  that  pari  >  "  and  the  ^'ivcrnor 
is  isoelinuiKUs  ami  therefure  iKit  staMe  so  tliat  il'  staliilitv  is  desiri'd 
tile  curve  must  make  ;is  ^reat  an  aiij^le  as  pdssihle  w  it  h  llii'  hue  joiniiij^ 
it  at  anv  point  to  ' '.  l)Ut  o!i  the  otlier  hand  tliis  an^le  must  not 
make  too  larj^'e  an  anj^Ie  o!i  aeeount  of  a  decreased  sensit  i\cni.'ss, 
For  exai.ipie  ;.;  '. "  the  L;o\'enior  is  as  nearly  isochronous  and  un- 
staMe  so  that  we  would  },'et  most  utiifonn  results  liv  maldti^'  the 
eur\e  (  '   (  '  ( ',  as  nearly  a  siraii^ht  liin'  as  possihle. 

It  is  (U'sirahle  heie  lo  jxiint  out  thai  it"  the  eur\-e  takes  the 
dottcii  lonn  ('    (  '  (       then  the  seiisitiwiiess  is  \-er\-  n^uch   ittipro\'ed 

ami  ma\   he  made  almost  piTtect,   hut  heri' sitii-e  (  '  '      r  «.)'    the 

outer  position  corresponds  to  the  lowest  speed  and  the  inner  position 
tc)  tlu'  hi^diest  spei'il  sinct'  it  is  e\-i<k'ni  from  the  lij^aire  that  ('  does 
not  increi'se  a>  rapidly  as  ;•.  Such  an  arrangement  is  I'xideiitly 
ui  'lllll'  ^inee  li\'  an  ineri'asi'  in  spei'(l  more  etUT^'v  is  imparted  to 
llie  iialls  and  the  weights  are  liein;^  lowered  thus  further  inereasinj; 
the  ener^'v  supplied  to  the  system,  instead  of  balancin},'  it.  so  that 
if  the  hall  l)ej,'ins  to  mo\-o  inward  it  will  Hy  lo  its  inmost  position 
under  the  eombined  action  of  the  two  forces.  Thus  wo  jjet  stahilitx- 
only  when  the  ('  curve  is  steeper  than  tlie  line  from  ('  \vhieh  cuts 
it.  In  I'i^;.  .^1  curve  (  '  ("(',  denotes  ^tahilily,  (  ('(',  itistahilit\', 
(  '  ( '  (  '    stai)ilit\-  of  the  part  ( '  (  '  and  instability  for  the  part  ( "( ',. 

This  ('  cur\'e  ma\'  be  used  for  a  t'urther  purposi'  of  showiiij^ 
the    powerfuhu'ss   of   the   i.;o\eriior.    since   on    the   eur\-e   horizontal 

:!--;-:!^;-;    ,  l\::'.i  :•.  :■   '.\::-    -:r:;-;     !!;r:in;r!l    ivti-j-ti    •  11;-   \:-.\\  -.y^.  :•.:■:■■■:  ■■.•.'.:\   •.-"-r'.  ■■:—.^ 

iteifrhts   :  he  correspondiiv.:    forces  act;n<^  while  the  l)all  is  moving. 
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in^t  ^  ':^  :::;]:t  ^r^  --r -^^-^  '^-^- -p- 

valve  gear.  '  ''""''  '^>'  ''''■  ^^'"-^  <>"  t'lc  w^kIus  and 

This  tctal  work       f  CJr  is  exp.ncicl  in  iiftin,  the-  woi.h  u.t 

case  it  must  he-  consfclercd)  an  1  Ihnll  7  i^  'although  in  the  actnal 
tanc..  ,n  the  valve  ^carSv  hi  in.i  l^^^^^'i^'}^^-  thut  the  resis- 
be  stated  that  thL  iScrTc^istJ^.  '  "'  '",  '  '  '^''^""^<^•  '^"^^•^^•^'•. 
should  he  considered  in  anvH-»^  ^^'''''  ^'^^'i^'ons 

of  the  complicaUon'o  "th?  aiT'^lt'lir't'^T  '""  ""  ^^^"""^ 
governor's  action  will  diivciTL.l        It  ^^1'  vanation  on  the 

pared  with  the  tota  S  ,K  ^  "^"K"'.^"^'^'  "^  't  as  eom- 
thc    j;ear.  ^  ^""  ^"^  '"^'a"  resistance  olTered  by 

i^  -.11  be  noted  that  the  force  C  is  balanced  by  the  sun,  of 


c^ 


Fig.  31. 


several  other  forces  \-ii'  •  ^i^  Tu-,,    i      .      , 

(^)  That  due  to  the  «  tra/wLihuV  "?;.  *Vh  "'"■''''  '"" ''''  '^^"^  "■•• 
and  {J)  The  friction  of  the-  parts  We  .'l,-!  '  "•'^'•^tance  at  the  c-ollar, 
ed  tornove  the.  ^•alve.n-ar    r  'sin  I,^H         ""fM  "•  *'  "^''^^  "'^^  '""'•^■^'  '"^-^l"''-- 

ral  weight anu^unts t  11  nds'vc  S  V'"  -'''  " ^"''''' '''"^ ^'^^^-^^''t- 
a  Porter  governor  u^h  If';:;;;;,:;;^  ^  ^iT^S^'r"' T'  ^I'f  ^''"'-^ 
of  <:   necessarv  to  lift  the  weitdit  v  «     r,  ',"  ^'"'^  ^'^'^  I''"'^ 

rand  of  the  arm,  then  r  s  the  ,  r  n  h)'  ,'  "V"  ^f^':' ''?'•«■' "'ns  of 
must  be  overcome  bv  tlu-  latter  vl  1  rhV  ''''•'"  "^  ^  ^'"''  ^^-^''"h 
a  pull  (,n  the  uppc-r  pin  4  Luv  ff  1  '^'''"'""',"^'  Part  produces 
of  c;  thus  found  f,,r'e  eh  p,,sitk„  tT u^'  "^-'^  "'"  ^  "^^-  ^-^1"^^ 
Next  find  the  part  of  r  m-c -s^  ,r  t  i  '  ''''"',«''"'"«  ^hc  C.,  curve. 
ACT;A;  making  r//  la,;  ':^'f'''r;''  ^''^  f<'"ows-  Draw  a 
a-  is  the  resolvc-,1  part  o  11  tS  .  "n-e  ''  f  f''''^^''  ""^■'  ^'^'"" 
resolve  C/s"  into  two  ,,"4  -  .'l  h  -i  '"^:'.^."'"  "^  "i^'  ann  ( 7/.  N.nv 
'  ..,,c  h,,.n..,n,tai  t  „.  and  one  passni^       rough 


(VDVF.RXORS. 


-IQ 


tlu'  i)in  .1,  tlicsc  t"i)rcc's  are  al  oiu-c'  foiiiid  hy  ii)f  inclliod  sliown  ahoNc 
.1,  whcri'  I'A  11  ■  and  d'A  is  parallel  to  (  7.',  //r/is  then  ( '„  the  pari 
ot  (    iU'eessar\"  to  hahmee  IT.      I.a\   oil  f '„ ,  for  each  position  of   the 


Fiff-  .1- 


lialk,    alio\e    Cr    ohlaininj,'    the    r«    curve.         Sini-e    (  ('      ■-l\y 

the  onhnales  lieiwi'eii  the  eiirws  ol  ('  ami  (  \.   must   reprtsent    the 
rorri'Spondin^'  (  ' 


I.     ..-;n    1 


t'  .u  ;j!:i"e  i'\*:tn.";i(    ;riav   n'lr  i  "e  iniioadeu  L;w\"t  ri"ior  tin,- 
powiT  is  onl\   till'  area  helow  the  ( ',   eur\e.    -inee.  iiej^dei'i  in^'  frieUoii 


so 


MHCHWIC^    OF    MACIIlXntn'. 


must   he  ciiiplnxr,!   i,    Hftine  th  •  r-omr-fi  ^^'^    ^«    ™''^'^' 

any ;....  ,.Lsa.y  at  tS'3^.:!;\o  oisit^i^r  ."r"'"^"^ 

rcjuired  to  design  a  K      t  or  .f  itl?,r   •    .  v?''',""''-     ''""'^°^^  ''  '^ 
spccl  .V;,  revs    per  ,,ii„,n,,h     ,  /  '  '"'  ^'\  "'•^'■'''^''  '^^  ""  "■'^•"" 

"'    and    ,;,  are  K^ven      The    v.  rl-     "''/'""""'  ^'"^'  minimum  speeds 

is-aiso_,i;en,.,f;s  tii'di;e:;tic^s's '^  :::^s^JT.m  "r^^ 

«cnera,  exper.enee  eertan.  proportions  .mU^^^^  SonlJ^ 


Fig-  .1 


or  two  points  remain  to  he  d-tenru.ed       W,.     i,   n 

an'l    f.  are  «iven,  also  the  len^t^',//^^  1^    .fT"'"'  "'"S'' 
I'lU.  •i.'i    avoir /■  aiidy  i<.^,-,',.  n,      /         1  ,         "'  llH' anns.     In 

oorn.snond„>.ly  .h.,,,.asedK     \ou   1  lie  ..„si,iveness.V  "  ". 


which  l^  j.;i\-eii,  hriHv  \vc  la\-  oil  i  he  d 
!   ,    /W-         A(  „)     hoih  al 
joinin;^'   '.()  we  "a!   oner  o, 
'    em-  e  is  ill,.  !j,,|.  ^  ■    ,  ■  , 


!   .    '''■         ^^(  .'     '"'Ill  :il.MVr  and  h,  1, 

^'H'-^   '-'Mve  a,  o,Hv  .e,   r,  and  (■   and  Viihou:''"    ■''''■  ''^"-  ^'^ 


Htaniv  !see  pa^e  l,Si    >         /v,. 

w  A   aloii^  the  hne  ;^  A,  ihen' 

'U!   serious  erroi-    the 


r-^^^    p''r^  ''^•■■'^  -  ■"''i".'^'  "•  ^   :^/.'  r  .;  ':-l'"'r\':^*!f}{x^ 


(U)VKK\OF<S. 


SI 


N'l'Xl  (',  r,  <i)|'  ^M\-es  al    (incc  7c   the   \vcij,'iit    of   tlu'   t\V(i 

balls  since  ( ',  r,  and  <u     arr  known.     This  nia\'  hi'  also  compiUi'd 


from  ( '., 


?i' 


W'v  ina\'  now  finish  the  iirohlcm  in  one  of 


soviTal  ways  (Ifpt'iidiii)^  on  which  (|uantilics  wo  assume  and  whicli 
wo  loa\-e  to  dolonnino.  Pmhahlv  wi'  could  host  assume  iho  anjjlo 
AUC  (which  pvos  us  the  .-!/)( 'i  and  also  I!'.  Assuming'  an^'lo 
AIW  al  once  onaMos  us  lo  draw  the  MXf.  See  Fij;.  M.  from 
which  we  tlnd  r„,  which  we  lay  off  alon^'  r,  ( ",  and  we  then  L^et  r„, 
/\('i.  \ow  aI)o\e  .1  lay  olT  .!/•  IT  and  draw  A(i  i)arallel  lo 
( '/!  ;ind  from  (/  la\-  off  <ill  horizontally  throuj^jh  /*'  so  that  (ill        (  » 


Fig.  34- 


and  '.hen  /I A  produci'd  inti'rseils  CI!  al  A'  and  ilv  horizontal  line 
ihrou^'h  A'  inUTsei-ls  .1/,'  at  .1/  ihc  centre  of  thi'  hall,  'i'hc  riidius 
r,  then  locates  the  sjiindle  and  \\u'  desij^'n  is  complete. 

'i'he  dcsij;;n  sliould  he  checked  at  the  outer  radius  r..  and  also 
the  o.xac-t  fonn  of  the  ('  curx'c  should  he  found  and  if  \\  does  not 
a^n'o  with  that  assumed,  some  of  tht'  assunu'd  (|uantitit's  must  he 
adjusted  and  the  calculalioti  made  over  aj;aiii. 

Before  lea\-in^'  the  malter  it  must  lie  stati'd  that  the  dosij^n  of 
a  j.;o\ernor  is  a  wry  complicated  piece  of  wi  rk  r.i  tiie  actual  I'asi' 
JK'cause  the  eiTcct  of  friction  is  \-er\'  serious  and  must  in  all  cases  he 


m'o  .'iCCOUDt 


-,,}  t'ii.-iii.. 
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sary  to  oporalc  the  valvi'  K'fanmist  alwavs  he  drtcmiined,  and  ihesc 
arc  not  constant.  The  dctcn-ninali.jn  of  these  forces  is  too  com- 
plicated and  Icn^tliy  to  I)e  introduced  here  and  iniisl  he  left  to  he 
considcre:  hy  the  desij^^ncr,  hut  when  these  forces  have  heen  detcr- 
nuned  the  work  may  he  carried  out  hv  a  method  similar  to  that 
di'scnhcd. 

FiK'.  M  shcnvs  an  outline  of  a  weij,'hted  ^'ovenior  hv  I'roell 
posscssniK  advanlaRcs  over  the  Porter  tvpe  which  il  would  he  of 
considerahle  vaku-  for  the  student  to  work  out  for  himself 


Sik'N'c,  (iovi;px' iRs 


TIu'  modern 


n  Lcndency  is  to  replace  the  weight    II'  hv  a  sprin<r 
and  as  tnis  usually  means  a  rather  different  disposition  of'thc  i)arts. 


CcJKvC 


^■^^/^Cury,£. 


Fig-  35- 

some  considera.i„„  will  he  ^iven  to  i,  l,ere.  V\.,.  ^r.  show.  „ne  of 
t  ic  vci  simplest  .^os  ernnr.  ot  this  tvpe  whu'h  is  shown  mounted 
..  a  .vnical  Mau  ahho,„h  it  isjiuiUas  >n  ,ue,nlv  usc.i  on  a  hon"  ! 
Ml  Malt.  ,t  p.nerallv  runs  at  a  lairlv  hi-h  sn.vd.  Xnw  let  IT  Ik  I  he 
-e,,ht  on  the  spn,dl.  inelu.linK  tlu.  sprm,  wei,hi,  /•■  '  u  force 
produced  hv  the  ,spnn.:.  uv,\    :,.  ],..  Hu'  .■on,hi,„.n  „-..,',K.  ..,.,,  .'.''' 


COVI-.RXOUS. 


S3 


halls.     Tlu'ii  lakiiiK  moiiU'iUs  alMHit   ,1   for  the  vlh-ci  of  U'  \vc  ^rl 

ir  /,  cds  ^  =  (w  (/  ens  «  or  (  n  '    H'       cniisl.  aiul  furtluT  taking 

(I 

inoinriUsaboul  .1  forlhfl)all  WfiKlu  U'wr^'t'l- ^ ',  I' c"^*  '  ;i'(!  sin  ^ 
or    ('  ,\'    tan    0.        So    liial    ( ',     is     positive     or     nrgalivc 

ai-conlin;,'  to  ihc  valuo  of  ti.  I'nnn  a  knowk-dKi'  of  these  euryi's  h)r 
(  \v,  ( ■,  uv.(\  ( '  we  are  al  once  ahle  to  draw  the  (  'k  eurvt'  showing  thi- 
resistanee  whieh  must  he  offered  hy  the  si)rin^'.  toj.;etlier  with  the 
foree  reijuired  to  move  the  valve  t,'ear.  Sueli  ^'oveniors  are  e\  ideiitly 
])owerful  and  ma\'  hi'  ma<]e  as  sensitive  as  desired. 

Calling  /•'  the  forei'  exerted  hy  the  spring  asstmiiiiK  the  eurve 
r,  to  he  a  •-trai.i^ht  line,  we  may  readily  obtain  the  neeessary  data 
for  the  design  of  spring.     Thus  /•'  />  i-os  0        (  'k  <i  eos  0  or 

/■'  ''    (  ;.        (  ;.    •    c)  constant  so  that  ther,,  eurve  may  he  also 

taken  to  represent  a  curve  of  /-'  on  a  diffen'nl  scale,  thus  at  radius 


O    H 


Fig.  .^6. 


r,  ihc  \aluc  of  /•  i--  n'rpescnti'd  t>\  i\  /■'.  Now  produci'  tlie  ctu-ve 
for  (  \  till  it  meets  the  axis  of  r  at  //.  'riu'n  at  railius  f  >  //.  /•'  (' 
and  hence  tile  spring  must  Ijc  .so  designed  that  its  zero  compression 
corresponds  to  ( '//  .ind  tlie  comjiression  force  ."^  which  ii  must 
produce  per  \init  of  eom]  rcs.sion  will  he 

/.  K    X     ','     X  .     (l-ig.  .■iO.) 

An  arr.mgcmenl  of  this  kind  is  nm  to  he  recommended  ht'(  anse 
of  tlie  \cry  great  pressure  and  the  corrcspi  "iidni^  friction  iifoihued 
on  tile  pill  .i.  A  goxcTiior  of  the  fonii  alnadv  scrilnd  is  used 
on  the  Miiall  l.cciiiard  engines  amoiig-l  others,  hut  -  >liaf!  '.here  is 
horizontal  so  that  (  ',  and  ( "„■  are  zero. 

'i'lie   fni-m  of  go\-ernor  used    li\-    lUllis.s  and    Morcoin  on   liieir 


.'I 
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hik'li  s|,.r,l  cu^mrs  ,s  shown  at  Fi^'.  M.  thr  K<.vminr  Nrinu  on  tin- 
crank  Shalt  and  thrritorc  horizontal  so  that  C  and  („  InTonu' 
/.en,  an<l  the  cvnirifiiKal  lonv  of  tho  halls  is  halan.vd  hv  thr  null 
ot  thf  sprniK  and  ihv  rrsistancv  ollm'd  I.v  the  valvr  war  Taking 
I  as  the  uciKhl  of  thr  two  halls  and  „  and  A  as  sketched  and  calling' 
/•the  sprniK  P"ll  we  may  tin.)  iliis  forcv  hv  the  fnniiula  helow  pnT 
ruled    tile   resistance  oliered   hy   the    \  alve   u,.ar  is   ncKleeied       \\\- 


/•■  .  /■  cos  [H 


(    </ 


/• 


( 


(I 
where  ..  is  tlu'  allele  hetween  the  axis  ,.f  rotation  an.'hhe  l,all'at-ii 


cos  <t 

CI  IS   In 


or    /•■ 


( 


1 


cos^        sin  ^  tan..     ''""  '"  ^'"^  l-nnnia  ,/.   /.,   B 
aret'on>,lani,-,  the  onlv  variables  l,ein-  C  and  «,  so  thai  in  a  -iven 


Fife'-  37. 


case  the  snrin-  pull  /■  is  readily  found  and  the  |>roper  .lesi-r,,  and 
location  ot  the  si)nn-  nms  //  u,  produce  hesi  results  mav  l,c  (hre<-ilv 
iletenunied. 

TIk 


/•■  as  d 


c  sprinj;  pull  in  the  actual  case  should  he  less  than  the  N.rce 
s  (leti'nnnied  al.ove  because  of  the  force  necessarv  to  nio\-c  the 
valve  gear  an.l  o|  course  this  difference  can  onlv  l.e  dctc'miini'd  when 
we  know  the  exact  construction  and  (operation  of  the  .'ear  so  tint 
n.)  Kcneral  solution  will  here  he  atlempK.,!.  jn  anv  case,  however 
this  may  he  dclerinuied  and  pl.nted  helow  the  ( '  curve  at  !'  T  the 
lorei.  1  at  any  linie  Ikmiik  ilu-  i-art  of  C  necessarv  to  oner'ate'  the 
valve  Kcar  and  the  distance  fnnn  the  T  curve  to  tlie  ( '  mrve  rore 

scniiiv  •' ■,-,■,  ...  I    ^ 

H 


mm-  !.ie  [.art  o;  (    u-hich  must   he  balanced  bv  the  sprin-'  pull 
uvin- determined  the  spnn.L,  pull  lor  each  radius,  "the  corres,»m'lin<' 
value  ..t  .s  can  readih-  be  fouiul  as  in  the  last  ..xample.      Then  sme'e 
the  spring  pull  /•         c.V  where  ,•  is  the  extension  of  tb,-  -..■;,..,  „,,! 
the  torcc  necessary  to  stretch  it  .,ne  inch,  the  location'  onhe'pii 


pin 


mm^ 
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Cdiiiu'i'liims  imisl  he  -^o  i-lidscii  llial   the  rlim).;aliiiii  i'  i:;  pn  ppi  ji-|  joiia! 
to  llu'  force  /■  .'uiin;;  at  aiis'  insianl 

As  has  alrcadx'  l)C'cii  poiiiU'd  out.  all  spriii}.;  j^o\frnors  ina\'  \)v 
iiKulc  \-('ry  powcrftil  hccaiisr  ihc  spring;  mav  he  iiuiilr  to  olur  j^Tcat 
rc'sisiaiicc  willuul  lifinj^  iinilul\-  hiryy  or  lu'a\>'.  and  linu-c  tlii'  auK'i- 
lar  \i'lorit\  of  tlicso  j^o\-crnors  iiia\-  he  i^nat.  IIik''  atif^tilar  \clocity 
Ti'  mi'aiis  larj^'c  power  because  llu'  hei^^'ht   of  l  he  ('  cur\e  on   wliii'li 


tile  i)o\ver  depends  is  ( 


/•  a-'  which  e\ideiul\'  increases  as  the 


sijuarc  of  :c,  so  that   douMinj^  I  lie  -peed  makes  the  power  roughly 
fotu"  times  as  ,i;real. 

Certain  linns  ari'  now  uudcriakiiiK  the  uianufactm-c  of  couiplete 
ijox'eriiors  lor  specified  duty,  and  thi'  student  is  rceomnuiKled  to  <,'et 
cataloiLjues  from  these  makers  and  stud\'  the  fonus  adopted  I)\-  thnn. 
The  ad\antaj.;e  of  any  fonii  ma\'  readil\-  lie  dctennineil  hy  tlu' 
methods   j^'iven 

Till';  SiiAi-r  (".()\i:i<\oi; 

In  uiodern  practice  it  has  lict'U  I'omid  disiriihl"  in  m.ain'  casrs 
t  )  connect  the  i,'o\ernor  directle  to  the  main  ■<hafl  of  the  Tnachini\ 
such  as  the  crank  shaft  of  an  eiij^'ini'  or  else  to  the  main  lav  shaft, 
as  the  cam  sh;ifl  in  a  i;as  I'u^ine.  in  ^^'Ueral  in  such,  a  casi'  I  he 
re\'o!\in<^'  weights  are  pivoted  lo  ;i  wheel  keyc(l  on  the  shaft,  the 
wei^'hts  thus  alwaxs  rc\-ol\in^'  in  one  ])lane  insteail  of  in  planes  of 
\-ar\in;,'  jiosition  as  in  the  .u'oxcrnors  a!rea<i\-  descrilu'd.  Such 
j.;o\-ernors  are  comuionly  called  shaft  j^'oeernors  and  possess  nuuu  rous 
points  of  excellence,  so  that  it  will  l)c  an  ad\antaj.;c  to  stud\-  thcui 
with   Some  care 

The  shaft  ,L;o\(rnor  is  usi'd  most  comuiouly  on  su-ani  cn^nnes 
and  also  linds  considcraMe  fa\'.ir  with  huildcrs  of  larj^i,'  ^'as  en.^ines. 
In  the  c.asc  of  the  stt-am  en^Hnc  the  re\i pl\in<;  wei<,'hts  an-  u--uall\' 
connected  directly  to  the  ect'cntric  which  operates  the  slide  \-aKe, 
the  eccentric  eye  not  heini;  fixed  to  the  shaft,  hut  its  p<isition  I'on- 
trollcil  1)\-  the  L;o\-ernor.  in  most  lases  thi'  .i;('A-emor  alters  the 
eeeenlrieity  ;is  well  .is  ilie  .angular  ad\-anee  of  the  eccentric,  Unis 
I'han^inj.;  all  the  events  of  the  stroke  for  .a  ;;i\-en  chani^'c  in  li>;iil 

.\  little  ihoui^ht  wHl  show  thai  such  ,i;o\crnors  shouli'  he  made 
very  powt'rful  Iiccuise  jju'  wei>;h'.s  must  lie  .ahlc  ci  t'lemscK.s  lo 
hold  the  eccentric  in  position  a<.;ailist  the  force  t!ccessar\  li.  m(,i\'i' 
the  slide  \al\e  and  aIlhotiL;h  the  latter  alwaxs  is  of  sjieeial  iinisinic- 
tion  in  this  type  nf  enj.;ine  yv\  this  force  is  not  inconsider.al  i!e:  to 
make  such  a  j^iA'crtior  ju'Wcrfu!  the  ceiiirifuj^al  force  must  !«■  l.ir^e 
or  the  rexoK'iiij;  weiL,'hts  nuist  lie  !iea\  \  and  we  uiust  ha\e  lii^h 
riitatixc  -speeds  or  i.s]i(.'ci,all\  adapted  hii;h-speed  t'n,L;i;i(s.  ji 
is  not  the  purpcise  here  to  enter  in'ii  .a  discus, ie,n  of  the  sii-ini  dis- 
triliulini!  as  ai'lccitil  hy  siu  h  •.;ovei"ni  irs. 

Con.sider  the  cunditions  C'Xistin,L;  on  a  di.-k  .1.  i"i',  '  .iN,  which  i^ 
nxiiKin;.:  aliout   a  fixed  centre  (*  at    u  rc\s,  po-  niin.,  md  wr  >ii,ill 

.i(..r!,„.l     ihectTee!    •  if   lTa\  li  '.     !  :eC:M!  .:  ■   It!    mc  :■:!       ■:  :\!   ve:  ;!■■-    •!     is   !:!':;e:-i-i1 

althoui;h     in    this  case  no  arran^cmciu    is  sho\Tn    f,.r   tJiis   purpose 
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To  ib.is  lial!  let  ;i  spriii;,'  I)  he  allaclu'd,  wliidi  is  also  attached  to  tlu' 
disk  at  p  ami  let  ttif  hall  lie  frci'  to  iiioxc  radially  alon^;  the  rod  /.' 
Wlii'ii  llif  hall  is  at  any  distam-c  r  ft    from  tlu'  cent  re  of  rotation  O. 

the  centrifugal  fori'e  ('  acting'  on  it   is  ('  "      /■;.'■  where  t.' is  the 

weij^ht  of  the  hall  and  <-  is  the  an^;ular  \clocity  in  radians  per  si'cond 
corresponding'  to  ;;. 

Now  let  >■  denote  the  spring  |inll  per  loot  o;'  extension  and  let 
the  si)rin};  have  no  extension  when  the  hall  is  at  iK  thus  for  this 
position  of  the  weif,'hl  the  extension  of  the  spring,'  will  he  r  ft.  hen 
the  jmll  exerted  hy  the  spring'  will  h.'.v  >,  y  pds.  and  aNtnere  nnisi  he 
eqtiilihriuin  lietwei'ii  the  pull  of  the  spring  ami  ihe  centrifugal  force 


We  ha\('  .s > 


r  <"'  or  .s 


"'.  We  shall  find  it  convenient  to 
use  >■  to  denote  the  force  reiiuircd  to  chanj^'e  thi'  Icnj^Mh  ..f  the  spring 


I'iK.  ?B. 


one  inch  s,,  that  s'  l^.s,  An.l  if  r  he  also  measured  in  inches 
then  we  -cl  hy  siipplyin.e  the  constants  »  .(KM)()2,S4  ;<■  ;■ ;/'  forthe 
inch  unit.  Suppose'  now  we  wish  to  ha\e  ;;  I'onslani  for  all  vah-.-sof 
/•.  1.,-..  :u\  tsochrouoiis  arrani.;i-mcnt .  wc  would  tlu'U  make  .s'  .(KKM)i,S4 
.V  II.  or  if  wc  take  ;c  25  Ihs,  ;;  M)  rc\s.  per  min.  >  _',S.41hs. 
''  <■•  '''  '"  ''li^  I'iill  wc  aiiach  a  sprinr;  so  desij.rned  that  a  force  of 
2S,4  P-un(h  will  c!ian,<;c  iis  Ict.kiIi  h\-  one  inch,  and  if  further  the 
sitnnj;  he  so  connecled  with  the  liall  thai,  ihe  extendi. .ii  of  ihe  fonner 
is  always  I'qual  to  ihe  radius  of  rotation  of  the  latlir,  then  the 
arran<4cmcni  i.-;  isochronous,  or  lite  hall  will  remain  at  an\-  radius 
trom  the  ci'ntri'  so  1(mi-,'  as  ihc  speed  is  2(M»  r.  [..  m.      It  will  he  evident. 

::•  •■•'.  V  ■.  •,  :  .     ;::.i-.      :::;•    ;ra;..'     CXIcrT'uii     \<n^\     WoUid    .si   hi]     (ilc     ii'lii     lo    lilC 

extreme  end  of  iis  ira\-el,  or  it  is  not  slahlc. 
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N'i)\v  li'l   us  I'xaniinc  the  I'lTicl   of  alUTiniL;   >    ami   let    us  tako 
two  rases  (1,1  >'         50  i)()uu(ls,  and   li)   >  24  pnumls.     Taking; 

llu'  tirsl  casi',  ka  us  assuuir  as  hcl'i.ri'  a  coiiiiiiiou  of  i'((uilil)riuin  al 


200  revs.  ])cnnin.  wlicti  llu'  ball  is  12  in.   fnnn  ihv  ivntro  of  rotation. 
Tht-n  ('      .()0(K)2S4  ?>■  r  »'    -  .UO.X  pounds,  and  hence  the  extension 

of  the  sprint;  must  now  !)(•    "    .,,'  6. S2  in.  insti'ad  of  12  in.,  in  other 

words  the  extension  of  the  si)rin^'  will   he  less  than   the  radius  ot 


/O"    12"    1^"     ^ 

Fifs'.  40. 


rotation  of  the  hall  or  the  si)riiit,'  will  have  its  free  lenj.rth  when  the 

fum  i.>   I  -  u.o_  .T.  1  i    iii.   ...?...  .     v^..' ...  .  ....^    


in   Fi^.   -^'^  in  whieh   the  extension  of  the  sprinj,^  is  denoted  hy  a. 


ss 


\llAll  WHS    (tl-     M  \i.'lll\i:i<N 


Now  let  ilic  l.all  ii,()\,.  ,,ui  2  iiL  „  hciiiK  still  i(K»  n\  ,  per  min  .; 
's  ih,n  S.S2  in,  ,  14  in  ;m.l  hviuv  S„  441.  uhi.h  ti'iuL  i,. 
'Iraw  ilu'  hail  nnvani  uhik^  C  ,(KK«L',S4,v  r  „  S«;7  6  pnunds 
Un.IiUK  to  lonv  tlir  l.all  out  wan!  and  hciuv  ih,'  l.all  will  nturn 
t"  lis  i.ru'Hial  p..sii!(.n  at  12  in  radius  unless  a  tnnc  >,{  4,<  4  pi.uiids 
Ih-  nitirsp..srd  1,,  prevent  this.  On  the  other  hand  if  the  l.all  is 
rotated  ni  aeuvleoi  10  in,  radius  we  would  have  >„  241  |.ounds 
jUK    (  2,S4  pounds.   s<.  that   a   lonv  of  4.<  p(.unds  i>  urK'itiK  the 

iKill  outward  .ind  henei'  there  is  onlv  one  posiii.,M  at  this  spi'i'd  in 
whuii  II   can  nanani  or  llu'  arran^euie.it  is  si,ih!c. 

.\ow  li't  >        24  pounds,  then  it"  equilil.riuin 
;it  ;•  =   12  as  l.ei'ore  we    '     '  " 


IS  to  he  maintained 
14  2  in.  (.r  when  the  l.all  is  at  f ' 
the  spnn-  will  have  an  elonKatii.n  of  2.2  in.  At  14  in,  in.m  the 
centrrf  .>0S  pounds  and  the  spring  pull  Sa        ,^,SS,<)  ,.r  the  l.all 

will   si,i\-  at    the  outer  radius  whereas  if  /•        1()  in.   ('        2S4  aiid 


g-  4'- 


Ni  292.S  i.<.unds  or  the  hall  will  stav  at  the  inner  radius  Ilenee 
i!  m  this  case  the  l.all  he  disturl.ed  al  all  it  will  inmiedialelv  Hy  out- 
wanl  or  inward  haxiiiK  ik.  lendenev  to  return  to  its  ..roper  position 
at  12  m.  radius,  m  (.ther  words  the  e(|uilibritiiii  is  mi.ytahh-. 

'riiis  is  very  nicely  illustrated  l.v  a  studv  (.;   the  (  '  curves    Fi,' 
4().  in  each  case. 

It  is  l"urt her  l(.  he  noted  that  with  .V        50  we  o.uld  ..nlv  have 
the  hall    remaining  at    14  in.   from   O  when   ;;        211    revs     and 
10  in.  when  ;;         1X4  re\s.      Ik'iu 


ran.L,'e  o!  traw 

Where,    how 
n'\-s,  lor  )■ 


at 
•e,  it  tliis  renresents  the  neces.sarv 

r-''   '*'M  IS-" 

I    211        LSI  J     '-^  <-■ 

cviT.    .s    ^     24.    the   correspondinj;   sj.i'cds   will    he    19,H 
14  ins,,  and  2(),<  re\s.  al  >■       10,  with  the  ourious  result 


.f  the  hall  the  sensitiveness  is  'I 


(•,()\'i:K\t)KS 


5'J 


thai  till'  s)K'i'(l  iiKTi'asi's  as  the  Kail:-  inuvc  iiiwant  llirr  iltf  ncii- 
sitivciu'ss  is  1.24',  as  cDiiivari'd  with  15',  in  ilic  iiramhi-.  casr, 
tlnis.  while  the  sensitiveness  is  \it>  inu<h  inijirovcil  in  the  ea^' 
wluTi'  >  24  jioumls,  yet  im  aeei>nnt  nl  ihe  inslatiiliiv  the  arran^;e- 
ineiil    is  an  impnssiMe  univ 

In  tlu-  'shaft  >^n\-eriiiir,  liDWi'ver,  ilu  weiuhi^  eannm  he  arranj^ed 
as  ahi»\e.  liitt  must  he  in()iinte<l  so  ihal  i!ie\  tna\  act  iliredh-  nn  tlu' 
eei-i'nlrii-  an<l.  ei)nse(|uenll\',  the  I'.iree^  whieh  the\'  can  e\erl  iin^.i 
in  some  \\a\-  lie  ii  >nl  Hilled.  A  \ir\-  enniniMii  arran;.;einen!  i^  -hown 
at    I'iv'..  41,  Ml  whieh  two  wei).'hi>  are  u^ed  ailaelu'd  to  ihe  miannj,' 


disk,  or  whei'l  li\-  ]iins  /,\  the  eentril'xi^'.al  tone  ol  ilie  halls  ;e  hi  ini,' 
halaneeil  h\-  the  spritii^s  /•'  and  links  shown  eonneetin^; 
the  hall  anns  to  the  eeeeiMrie.  (\ote  This  lonii  ot'^^ovenior  is  not 
niTieh  used  now.  hut  tor  the  puriiose  of  instrueiion  it  is  chosen  as  an 
illustration,  the  uiodeni  fonn  follo'vini:  later  oni. 

I  ,.t  j.-J.f  \1  !-(■' jre^eii!  one  hilll  •>(  U  t^'tiii.'a!  slirit'l  •^■o\erni  ir.  ihc 
other  halt'  i)einK  sniiilar  and  the  two  parts  hein;.;  -(.  connected  'hal 
<;ravitv  elTeet    is  neutralized       .1    is   the  lentre  ot"  rotation.    /.'   the 


'"'  Mi'.ni  \\K  s  ()!■■  \i  \(in\i:m 

""""   "I  '"mu'tinii  ,,|   i|„.  w,i;.|ii   urh   ilic  i]\    wImvI.  (,  III,-  ,,nir<- 

"I  -!-,i\il\   Ml  th.    wn^li!   //,  ,iM(|  /\    th.'  pnilll^Ml  rniiiir,  ii.iiiuMIm    ^pnii;; 

_'''  ill''  un.^lii  ,;ii,l  u|;,vl  iv.|„Tii\.!\  ,  and  /■  r,  ih,   |,,n,-  ,ii  li'r  M,nii!.' 

""■    'iliTs    iiMli.ai,     ihc    Nillouif^;     ,/  .1/;.     ,  |^       /,         /,v, 

./,  1-  i!u'  ^h.-ruM  iljsiaii.,     iVniii  /;  I.',  At,,  and  ,/   i,  ili,    .\v,v\.  -,•    <li- 

laiur  ||-,,1II   /;  I,,  //A  .   ilu'  .lil-fiidll  (.1   I  hi    lone   I- 

■'^""   '•'  ■'•   '"    ''"■  «<-ij.;lil  ol  '  :i<  h  'v\,,!\  111.;  ma. .  am!  /■  i!ir  icvi 
l"'"''""''l  ''\    ""'■    "fin-,   ll).  II  w.Iiaxcal  nti.vi  ■  ''  ,.,  ,,,,,„ 


^^'"'■'■"'  'I'l'l     'll<      mnllK  Ml     Ml     (       aliMlll     ill,'    j,j\,,|     /,    1  ,    ,1/ 

"/  MM  ,/,  aiHl  il  u,'  1,1  I  lT,:risclll  the  vix.rlr-l  ,Ii.!a:i,c  \v,,v-  l,  \n 
i'''''  "  '"  •"  "'K'  'Vi'lciil  Innii  -iinilar  iriaii;.'lrs  iliat/  ,/  „  ,  ,ii,l 
'",'",'■  '''•;'  ■'^'  ".'M,.  ,/,  ,;;,„„>,  !••,■,„„  ,1,,^  j,  „,i|  i!,,  ,,,,„  ,,,,,, 
.1/  n,|,cii,|s  I'liiir,  K  ,,n  „,  and  \.  aii,i  il  we  cIhh.m'  .1/  ami  >  a<  a\.- 
"'  '"-'T'linaii--.  ui'  iiiav  pi,,i  up-mllu'  sluvi  urvrs  ..Jniilar  i,i  'ic 
'  '■''■"^"'•-^  iilrcadv  lak.n  up  II  ...  is  mnstani  ,,r  ilic  -,,v.rii,,r  is 
iM«hn.ii,,us  liiiii,,  vi,l,'iiii\  .U\ancs.linc!lvwiili  M.nh  an.iihr"  V 
curw  will  1,..  a  s!rai-!ii  line  pasM,,;,,  thrnn^;!iM  and  wc  liavcarain 
!'"'  '.;'";■  ''  '"'"i-al  ,,|mli!,r:uni  |-n,iii  whal  lia-  ain-adv  l.c.n  sai,| 
I'  «ill  I>r  ,'M,|,nt  ihai  if  ihr  .1/  ,„av  is  sPcprr  than  the  jinr  i,-.,,,, 
;"'.\  1""'"  ""  "  '""■  ilKarraiiK-tmni  is  sial.lc.  an,!  miii  he  mi  her  hand 
Il  i.u;  -urvc  Is  less  shvp  ihr  arrant^nniiii  will  l,c  uiislal.lc  tlu'staMc 
<-''iidiii,.n  a^jain  c.rn  spMUiJin-  i,.  ^^ivaur  \anan..iis  in  sp,vd  ihan 
I  U'  iiiiMaMr  caM',  rxacllv  as  in  tin  .asc  „\  \hv  (Iv  hall  i;,.\vrn,ir 
already  ih^cussfd  Tlnis  ihc  .1/  curw  is  ilir  (hara.i.risiic  ,„n, 
t'lr  this   I  \  pc  ,  ,|   ^,i\cniMr, 

.N"->\  Minni^h  A  ,hau  a  !iiu-  pcrpi'i^lic  niar  |,,  ,1/.'  ,-uiiin,r  ;!^, 
l.-iMcr  liii,.  al  distaiu.  ,•  Inmi  ilic  pin  /;  L,.i  ('  l„.  i',,.  n-.MJw,! 
1';"'"  "'  ''  ,  ^"'li  tlial  Ihc  niMiiuni  Ml  liic  spring'  aJMmt 
''      '        '         /•  '/,  an,|   Ih.  II  wv  !ia\c  .1/        ;);.,.,,,         (      ,  pr,i\  i,lc,| 

\\r    IKLMVI     Ilk-    rl'lcl    of  I  hi'  \  ah  I    -car.      Thuv  (  ;  ,„  ,„   x      '' 

M'l/v/  •  ))/-,.  t.Mi- I !ir  (  ■,ur\c  may  als,,  \k-  ,lra\\ii  .m  ihc  same  ax,-, 
a-.  l.flMiv,  and  this  iiir\c  sIimus  iIu>  dirci  ,ii' the  sprin-,  |-r,,niiii,. 
'^iir\c  ihus  ,lra\vii  the  spring;  pull  /■  ina\  !»•  fMuii,!  ami  ihc  .pnii- 
d, v,i^'iicd  iM  suit  ihc  ,i.;i\-cii  ,'Mnditions, 

it'.  Ill  additiim  p.  ;!ic  uvm  curves  ainadv  ,li-s,Til.cil,  a  ('  ,  ur\c 
Mil  an  )  hasc  he  ,lr,ann  th,'  p,,ucr  ,,|  ihe  K"Veri;,,r  ma\  he  -.htained 
h:,-  inteK'ralin-  ilu   ijuaiui!)   C  .  ,//  heiwcen  r,  an,!  ;  ,. 

Win!,'  i!ie  iinesiii^'ali.in.  aln-a,!y  ma,li-  .■nahl,'  ,"ine  Im  ilcti^nninc 
the  cMii,liti,.n.  m|- c(|uil!linniii  ,,f  ihe  pan-.  lhe\- ku'c  hm  ini,,nnati()n 
as  1,1  ihc  rapi,iii\  ,.!'  ilie  adjustnicni  i,i  iua\  cnu'htiMns  ,,(  l,iai!  and 
:his  pMini  will  u,,w  Ih  iliseiisse,!.  S,.  lar  we  lia\i'  ,.nlv  heeii  dealin" 
w;di  Ih,-  cciiinlni-al  iMrec  on  ihe  halls.  ;  ...  i!ic  I",  ,:ve  due  t,,  tli^ 
'•'.''■'■liniliMii  Ml  ih..  wei.uhls  al,.nu  a  ra<!ius.  and  lliis  i,,nv  acts  cmh- 
inniMUslv  duriiic  the  ninninj.;  <,\  ih,-  k.  AcrnMr.  When  h,wever 
tlicspcc,!  ,,|  -he  wheel  is  chan^^iiiK  ,lurin>;  ihc  adiustmem  lor  new 
iMa.i.   vvc  nmsi  ai'cc'.iTaic  tile  wiiccl  as  wi'll  as  all  masses  conneeted 

with  it.  each  mas-  haviiij.;  an    an-ular    aeci'!eraii,.n   ..  ^"'    where 
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a.„  1,  ilir  (  lKiti).'c  in  llir  NiliMiiN  i.i  ilir  wlirfl  in  I  iiiic  0/ .  aiiil  I'liri  lur 
■  III  ai  ■I'hr.iiioii  in  ilic  difciii' in  ni  hkiIkhi  'ir  t;ti)i;i'i'i  ial  tn  lliccinlr 
111  vs'iH  h  It  Is  lr.i\<  lliii;.^  ur  nia\-  tall  ll)i->  \\\v  taii^'(  ntial  arccliration, 
■I'licM'  an  cltraiiniH  mI'  ihc  Aci^his,  w  liith  oiilv  cinnc  iiiiK  play 
wlu-li  111'  S|»(il  iliaii;^!  s.  i!ia\-  In'  inadi-  I'>  "ppM-c  "V  a  --i^t  tlif  v\]<-c\ 
iliK-  \i>  (ciiinrilKal  lui-'c.  aiul  tlnf-  iiiav  lie  iikmIc  [><  rau>r  -.Inw  or 
r  :iiii!  (  lian^r  i>i  adiuslinrti; 

'I'lii'  iliaj'.r  111! ,  in  i'ij.;  \ '>  ^vill  -liow  tile  iticaiiiir/.  n\  ihis  \  rrv 
ni.cK  wIhtc  in  all  ta^i'-^  .1  i-  ilic  icnirr  nf  rotalinii,  /■'  ilic  iimni  i>l 
(Ml  I  111  I  Ml  .11  n|'  ihc  wri^'l"  lu  the  ^li4^  ami  ' -'  is  till'  ii  lit  fr  <  >\  (^ravitv 
c,i  I'll-  '.viis'iM  'I'lif  ic',tnrn}.;al  tun  c  iltu-  t"  radial  arcck'ral  imi 
i,\  ilic  liall  1-  alva\s  in  t  lu  (iin-iiipii  .\(,  At  ui)  the  lan>,'ciitial 
aircit  ratidii  priHliUfs  iiw  riu-ct  iiui'  the  taii^^cni  tu  the  path  ol  d 
pa>st  s  ilimuKli  ti'c  |)in  /•  ami  tlii'  I'nrci'  n('crssar\-  to  acftliTaic  the 


Fis-  4,3- 


weij^hl  is  hdnu'  directly  liy  llu'  pin  />'.  At  (/')  thr  ccnlrifii^al  cllVct  is 
zero,  the  tanj^cnlial  afcclfralion  pruditcin^;  a  \t'ry  dci-idt'd  titrnin^' 
inomcnl  alxml  llu'  ])in  /''■  Uiit  in  hitlli  nl"  thcst^'  cases  the  an^nilar 
ac(.'i,'lerali()n  is  stnall  since  tlu'  weight  is  cuiicentraled  about  its 
centre  of  j;ra\ily  ur  its  moment  of  inertia  about  its  c  ire  of  },'ravily 
is  small,  (i  )  and  (c/i  show  a  ihlTerent  disirihulion  '  ■'  e  mass,  and 
in  both  i-ases  the  anj,;iilar  acic-Uration  produci'S  eoi  vierahle  efleel, 
and  when  w(  ha\'e  a  chan^i'  of  speed  *"'  we  must  noi  only  aci'elerate 
the  centre  of  ^'ra\'ity  ^,  hut  also  tlie  whole  weij,'hl  under;j;oes  an  anj,'ular 
celeration,  and  in  ii/'i  tlu'  anj:tilar  acceleration  is  the  only  aclix'e 
i.  ircc 

In  till-  !i>;ures  ((■).  if)  and  it;)  the  sense  of  rot- 'ion  is  marked, 
ami  wt'  shall  sujpiiosc  that  in  eai'h  case  there  is  a  s.  lidi'ii  increasi' 
m  speed  corresponding,' to  a  liccri'ased  ioa<i.  In  fij.;.  U';  liie  lan^entiai 
acceleration  assists  the  centrifu^'al  force  in  proilucin^'  rajiid  adjusl- 
inent,   while   in    l/i    tliese  ojipose  one  another  resiilting  in     slower 
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iuljuslnu'nt  nuTi'ly  diu'  to  ilum.m'  '>!"  srnsc  ui'  rotalinn  and  in  (c) 
rapid  adjustnicnl  is  a^ain  nalizid.  In  thcsr  three  eases  the  anmilar 
eneel  is  small. 

The  distribution  ol"  the  weij^iits  for  a  Riles  j^'overnor  is  shown 
in  Fig.  44,  and  ii  will  he  readily  sei'ii   that   the    eentrir!}.;al    elTeet 


vf-  44- 

is  noi  iar^e.  eoniparatively.  the  tanj,'ential  eft'eet  is  also  decreased 
and  the  anj,'ular  aeeekralion  produces  a  very  decided  efl'ect .  Such 
governors  as  these  aduist  themsehcs  vi-ry  rajiidly  and  may  he  ma.le 
as  stable  as  de.siri'd.  without  undue  \ariation  in  speed  tor  varying 
loa<ls  and  posit i(.iis. 


qvp 


^(^mmmwmmms^^is^s^SMt'.^mm^^m- ' 


Sljlr^  *  ■  ■   .    '  ■  '^ 


Mjti 


